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| NTRODUCTI ON

The question addressed in this report is whether the available econonics
literature provides a basis for estimating the benefits to marine recreation
attributable to the water pollution control prograns of federal, state, and
| ocal agencies. By marine recreation, | mean those recreation activities that
take place on tidal estuaries as well as the open ocean waters and on adjacent
beaches. The recreation activities that have received the nobst attention in
the enpirical literature are fishing, swinmng and related beach activities
and boati ng.

| have approached the fundanental question outlined above by seeking
answers to four nore specific sets of questions. First, what does the
literature tell us about the economic values that people place on being able
to undertake specific recreation activities and on being able to visit
specific recreation sites? Second, what attributes of recreation sites matter
to people? And what values do they place on changes in these attributes?
Third, what do we know about how policy affects those attributes for which
data on values are available? And fourth, is it feasible, and if so under
what conditions, to use the value information obtained for specific sites
and/or activities to estimate values of changes in activities or attributes at
other recreation sites or to synthesize or aggregate the individual studies
into an estinmate of the national benefits of marine water quality
i nprovenents? In other words, are “benefits transfers” and “benefits
aggregation” possible.

| should point out that these four specific questions focus on the
val ues associated with recreational uses of the marine environnent and do not

address the possibility of nonuse val ues associated with environnmental changes
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to this environment.! Although there is a substantial empirical literature
on t nd birds and other
features of the terrestrial environment (for example, visibility), I am aware
of no empirical estimates of nonuse values associated with changes in marine
water quality.?

In the next section of this report, | provide a brief review the
econonics of recreation. In subsequent sections, | take up each of these four
questions in turn. In Section VIl | present my conclusions. An Appendix

includes sumary descriptions of all of the enpirical studies included in this

report.

1. THE _ECONOM CS OF RECREATI ON

The val ue measures reviewed in this study have been obtained by
utilizing either sonme formof the travel cost nodel of recreation demand
(including the hedonic travel cost nodel), the random utility nodel (RUM of
the choice of recreation activities and recreation sites, or some form of
contingent valuation (CVM survey. In addition, two of the studies reviewed
for this report used a hybrid approach to nodeling recreational behavior in
whi ch equations for predicting the rate of participation in recreation
activities were estimated and then per unit values drawn from other recreation
demand studies were used to calculate the nonetary value of recreation

participation. In this section, | briefly review each of these nethods and

lFor a discussion of conceptual basis of non use values and a review of
the empirical evidence, see Freeman (1993a) and references therein.

“The literature does contain estimtes of nonuse or existence values for
a beach nourishment program (Sil berman, CGerlowski, and WIllians (1992) and
marine manmal s (Samples, Dixon, and Gowen, 1986, and Hagenan, 1986).
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di scuss the interpretation of neasures of value that can be derived from
each.’
The Travel Cost WMbdel

The travel cost npdel of recreation demand is based on the assunption
that the cost of traveling to a site to participate in sonme recreationa
activity is an inplicit price. Travel cost includes both out of pocket costs
such as gasoline and tolls and the cost of tinme. The travel cost nodel is
usual |y applied to data over a period of time sufficiently long so that at
| east sone of the people in the sanple visit a site or undertake an activity
several times. Data on nunmbers of visits is regressed on explanatory
variables including the inplicit price of a visit to estinate the
representative individuals. demand tune for this recreation activity or site.

On the assunption that individuals will response to an increase in the
noney price of admission to a site in the same way that they are observed to
respond to differences in travel cost, the area under an individual’s denmand
curve can be taken as a measure of the value of the site or access to the
activity. The aggregate value of a site or activity is sinmply the sum of the
values all individuals place on the site. If some measure of the quality of a
site is a weak conplement with visits, an inprovenent in quality wll shift
the demand tune for visits out to the right. The value of the inprovement in

quality is the area between the two demand curves.‘The aggregate value of a

‘For nore detailed expositions of the economics of recreation demand and
val uation, see MConnell (1985), Bockstael, MConnell, and Strand (1991), and
Freeman (1993b). A good introduction to the contingent valuation nmethod can
be found in Carson (1991). The mmjor treatise on CVMis Mtchell and Carson
(1989). '

‘For sinmplicity I amhere ignoring the differences between conpensated
and ordinary demand curves and the welfare nmeasures that can be derived from
them
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change in quality is the sum of individuals’ values for the quality change

Many aut hors report a consuner surplus per visit which is the aggregate
value of the site divided by the sum of all individuals' visits. Consuner
surplus per visit may be a useful way of summarizing information for making
conmpari sons across studies or across sites. But consuner surplus per visit
for a given level of quality cannot be used to value a change in quality that
shifts the demand tune. Nor can the average value per visit be taken as a
neasure of the marginal value of an additional visit arising froman increase
in quality.
The Random Utilitv Mbdel

Rat her than expl aining the nunber of visits to a site over sone interva
of tine, the RUMattenpts to explain the choice of a site or an activity on
any given choice occasion as a function of the characteristics of all of the
available sites in the choice set. Since the choice of a site depends on the
characteristics of that site including the cost of traveling to it, the RUMis
well suited to the task of explaining the role of site characteristics in
influencing the demands for visits to a site. However this capability comes
at the expense of some difficulty in explaining the total nunber of visits to
a site or the rate of participation in recreation activities.

Estination of the RUMyields an expression for the indirect utility
function:

viM - t, Q, §)
where Mis income, t is the travel cost to a site, Q is the environnental
quality at a site, and S is a vector of individual characteristics. This
expressi on can be used to calcul ate the consumer surplus for change in Q

experienced during one visit to a site. If one of the alternatives in the
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choice set was to visit no site, then this expression can also be used to
estimte the-consuner surplus for one visit to the site actually chosen. This
expression can also be used to estimate the value to an individual of adding
or deleting sites to the choice sets.’

Since these expressions give welfare nmeasures for only one choice
occasion, it is necessary to find some way of predicting each individual’s
total number of visits per year or per recreation season. One approach is to
nodel the determnation of the nunber of choice occasions or activity days as
a separate problem  This approach is discussed bel ow. The second approach is
an extension of the discrete choice framework to include no activity as an
option for each choice occasion. There are at least a couple of ways of doing
this. One is to specify that one of the alternatives is no activity and to
estimate a single equation. Another alternative is to specify a nested form
of randomutility nodel in which the first equation predicts whether the
i ndividual will undertake any activity on a given choice occasion while the
second gives the probability that the individual will choose a particular site
or activity. The first equation would include as explanatory variabl es some
nmeasures of the average availability and/or quality of recreation sites
accessible to the individual. The second equation would include neasures of
the costs and qualities of each of the available alternatives. The expected
nunber of visits to a site is given by the product of the number of choice
occasions and the joint probability of undertaking the activity and choosing
that site given that sone activity is chosen.

Continent Val uation_Questions.

Dependi ng upon the form of the question, the CVMtechnique can be used

‘See, for exanple, Bockstael, MConnell, and Strand (1991).
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to obtain estimates of individuals' values for one visit to a site, for access
to a site for a season, or for changes in some qualitative characteristic of
the site, One of the advantages of the CVWMis the flexibility the approach
gives to researchers to tailor the formof the question to suit the research
obj ecti ve.

Participation Mdels

Model ing the participation of nenbers of a population in recreation
activities usually consists of two steps. In the first step, data on
i ndividual s socio-econom ¢ characteristics and the availability and/or the
quality of re?reation opportunities are used to estimate an equation that
gives the probability of any individual participating in the recreation
activity during a year. The second stage involves predicting the nunber of
days of recreation participation conditional upon being a participant. Wen
t hese equations have been estimated for a sanple of a popul ation, they can
then be used to predict the nunber of people participating and their levels of
participation for the population as a whole. Average consuner surpluses per
visit could then be used to estimate the total value to individuals of the
opportunity to participate in these recreation activities. I'n some cases
participation nodels of this sort have al so been used to predict changes in
participation for changes in the neasure of availability or quality of
recreation resources. One exanple of this approach will be described later in
this report.

It is tenpting to use average consuner surplus per visit neasures to
calculate the value of the predicted increase participation. Several authors
have succunbed to this tenptation. And this practice is authorized by the

U S. Water Resources Council for the econom c valuation of water resource
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devel opnent  proj ects. But this approach can be criticized on several grounds
First, it uses an average value when the marginal value for an increase in the
level of the activity is relevant. Also, if the average quality of the
recreation resource influences activity rates, applying a unit value only to
the change in activity levels does not capture the value of a change in
quality to the existing users

Vaughan and Russel |l (1982) have anal yzed the rel ati onship between a
“correct” welfare nmeasure and the nmeasure cal cul ated by using average consumer
surplus per visit. They nodel ed the case in which an increase in availability
was interpreted as lowering the inplicit price of visits to individuals. They .
showed that the difference between the correct measure and the neasure based
on average consumer surplus could be quite large. And even the sign of the
di fference depended upon the functional formof the demand function

In conclusion, participation nodels nay be useful in helping to
determ ne which qualitative characteristics of recreation sites influence
recreation participation rates. But we do not have a reliable basis for

calculating the welfare effects of changes in these neasures of availability.

[11. THE VALUES OF MARI NE RECREATI ON ACTI VI TIES AND SI TES

Many of the studies reviewed for this report provide estinmates of the
total value for specific recreation activities or the total value of access to
a site or set of sites. My of these studies also provide neasures of the
val ues of changes in qualitative characteristics of these sites. The results
on the val ues of characteristics are presented in Section IV. The results of
studies of site or access values are summarized in this section for two groups

of activities: fishing, and beach use including swimmng. Al of the value
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measures presented in this report have been converted to 1991 dollars by
using the Consumer Price |ndex

Marine Fi shing

There can be no doubt that marine recreational fishing is an
econonically significantly activity. On the basis of data from the Marine
Recreational Fisheries Statistics Survey, we can state that approximtely 10
mllion people participate in this activity in a typical year and the tota
nunber of trips is in the range of 50 nillion per year. About three-quarters
of this activity takes place along the Atlantic and Gulf coasts with the
remainder being on the Pacific Coast®

The category of marine recreational fishing covers a w de range of
activities. Fishing activities can be categorized by the nature of the mhters
(for exanple, open ocean versus estuary), by node (for exanple, fishing from
shore versus using a boat), by target species, and by whether the fishing is
done by individuals or small groups acting separately or is organized through
conmercial party boats and charter boats. Furthermore, there is substantial
variation across studies in the way in which the geographic extent of a
fishery is defined. Some studies neasure the value of access to the whole
coastline of a state while others focus on access to nore limted areas such
as a river or bay, the coastline of a county, or a single port. Finally,
studies vary in the way that they define the extent of the market, that is
the geographic area and popul ation from which potential users of the fishery
are drawn. Sone studies provide estimates of values for all users of the

fishery, while others focus on users within a particular state or, in one

8See U.S. Department of Commerce (1985) and (1990), and U.S. Department
of Interior (1992).
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case, a county. Al of this makes summarizing results and maki ng conparisons
across studies sonmewhat difficult.

The study with the broadest geographic scope and extent of the narket is
Vaughan and Russell (1985). This study estinmated the increases in narine
recreational fishing at the coasts and on the Geat Lakes that would foll ow
fromfull inplenmentation of the 1972 Cl ean Water Act effluent standards. The
mai nt ai ned hypothesis was that nmeeting effluent standards woul d increase the
availability of unpolluted shoreline for anglers. Mst of the increase in
participation was predicted to occur on the Great Lakes, rather than at the
coasts. This is at least in part attributable to the relatively smal
increase in availability of unpolluted coastal shoreline. This study did not
attenpt to estimate the value of the increase in angling. Rather it
cal cul ated nmonetary benefits by using unit values for fishing days derived
from anot her study (Charbonneau and Hay, 1978).

| have found 22 studies that provide estinmates of the value of access to
a fishery where the fishery is defined by sone conbination of species and
geographic area. Five of the studies present estimtes of the consumer
surplus per person per year. Seven of studies estimate consumer surplus per
trip. And 10 of the studies either present separate estimtes of both trip
and per year consumer surplus or include enough information so that both can
be calculated by the reader. Eleven studies present estimtes of the value of
access to fishing for a single species.” These studies cover six different
species, striped bass on the Atlantic coast, red drum atlantic salnon, king

mackerel, and pacific salnmon (five studies). The renmminder of the studies

’In one case involving San Francisco Bay (Huppert, 1989), the species is
"anadromous” fish, where striped bass and salmon are treated together as one
species.
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present estimates for all species together or for groups Of species, for
exanple, big gane fish, small gane fish, or bottom fish.

Most of the studies producing estimtes of values of access to a single
species fishery did so by restricting their sanples to anglers who targeted
the species of interest. Four of the studies sanpled all anglers and included
catch rate or species abundance data for specific species as argunents in the
travel cost function or indirect utility function. These studies were then
able to calculate welfare |l osses for reducing the catch rate of the species in
question to zero. Studies enploying this approach to obtaining species
specific data are Caneron (1989), Mrey, Shaw, and Rowe (1991), Rowe, et. al
(1985), and Wegge, Carson, and Hanemann (1988).

The econoni ¢ nmethod nost comonly enpl oyed in these studies is some

variation of the standard travel cost nodel. The second nbst conmon approach
is the single equation random utility nodel. There are four studies based on
the nested random utility nodel. Several studies provide estimtes based on

di fferent methods or nodels for purposes of conparison. Several studies also
present estimates for various subsets of their sanple, or estimates based on
different nodel specification and statistical estimation techniques

Table 1 displays values per trip for access to single species fisheries;
and Table 2 displays values per trip for access to multi-species fisheries.
Wthin species groups, studies and their values are listed approxinmately in
the order of the size of the reported values (highest values first).

The nost striking feature of these two tables is the wide range of
values reported. Values per trip for single species fisheries range from
$4.44 to $346, a range spanning alnost two orders of nagnitude. Val ues per

trip for all species range froma |ow of $0.97 to a high of $799, a range of



Table 1. Val ues per Trip for Accesstoa Single Specks Fishery (in 1991 dollars)
Geographic Extent
Species and Author. M ethod® of Markegb Sitef Value Per Trip
Striped Bass
Norton, et. al. (1983) TC Not specifiedd Chesapeake $64
Not specifiedd Mid Atlantic $279
Red Drum
Cameron (1992) Joint Texas Texas Coast $91
Atlantic Salmon
Morey, Rowe, and
Vatson (1991) RUM Maine Penobscot River $96 (Mean)
$83 (Median)
King Mackerel
LeeWorthy (1990) TC Not Specified® Florida $56.40
i
Wegge, et. al.. (1988) NRUM Alaska Deep Creek, AK $48.50
Cameron (1988a) RefCVM  Not specifiedd British Columbia  $34.22
Rowe, et al. (1985) Rum Not specifiedd California $7.43
Not specifiedd Oregon $6.00
Not specifiedd Washington $0.44
Striped Bass and Salmon
Huppert (1989) TC San Francisco Bay Area  San Francisco Bay $346 (OLS)®
$170 (MLLS)f
$77 (ML)
Notes
2RUM = Random utility model
NRUM = Nested random utility model

TC = Travel cost model

RefCVM = Referendum contingent valuation method
Joint = Joint Travel cost/referendum CVM

barea of residences of anglers in sample

CArea of access to fishery

dSample is not restricted as to area of residence
®Estimated by ordinary least squares

fEstimated by non-linear least squares

2Estimated by maximum likelihood



Table 2. Values per Trip for Access to a Multi-Species Fishery (in 1991 dollars)

Geographic Extent

Region and Author Method? of Market? Site® Value Per Trip
Pacific Coast
Wegge, et. al. (1986 TC Southern California Southern California Char ter boat-day trip
Boat owners $30 to125
Do not own boat $67 to0 253
Charter boat-more than 1 day
Boat owners $70 to 501
Do not own boat - $86 to 799
Private boat $84 to 373
Shore-boat owuers $47 to 237
cv Southern California Southern California Charter and party boats $79 (mean)
$31 (median)
Rental boat $24 (mean)
$21 (median)
Private Boat $73 (mean)
$41 (median)
Shore "$16 (mean)
$10 (median)
Atlantic and Guif Coast
Cameron (1992) Joint Texas Texas $238
Arnsdorfer and Bockstael (no date)  TC Not specified® NW Florida Charter boat $222 to 770f
Bell, et. al. (1982) CWM Rest of Country Florida $45
Florida Florida $58
Bockstael, et. al. (1989b) NRUM Not speciﬁedd Palm Beach County $9.538
Bevard County $0.978
Kaoru and Smith (1990) RUM North Carolina Most popular site $23.90 to 39.1 1h
on NC sounds $4.30to 7.77
Kaoru (1991) NRUM North Carolina Albermarle Sound $3.09
Most popular site $1.97
Agnello and Han (1992) TC-VP Long Island Long Idand $23.84
Notes 2RUM = Random utility model
TC-VP = Varying parameters travel cost model
CVM = Contingent valuation method
NRUM = Nested random ntility model
TC = Travel cost model
RefCYM = Referendum contingent valuaticn methsd
Joint = Joint Travel cost/referendum CVM
bArea of residences of anglers in simple
CArea of access to fishery
dmg reflects two different model specifications.
€Sample is not restricted as to area of residence
xange depending on charter irip length and wheiher sample omiis iraveling by bus

€Values per choice occasion where one option is not fishing

bactual sites aggregated to 11 clusters. Range reflects differences in water quality measures used as independent variables

iRznge reflects differences in site aggregatiou and water quality measures
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al most three orders of nagnitude.

It is also interesting to note the wide range in values per trip found
by Huppert (1989) depending on the statistical nodel used for estimation. The
reported values differ by almost a factor of five. Huppert discusses sonme of
the statistical issues involved in nodel selection. But he cannot find a
basis for preferring one nodel over the others on statistical grounds.

Gt her than the higher values from Huppert and the travel cost val ues
from Wegge, Hanemann, and Strand (1986), nost of the reported values in the
two tables fall in the range of $10 to $100 per trip. The high value for
striped bass fishing in the mid-Atlantic states (Norton, et. al., 1983) is
plausible, since anglers have the opportunity to catch very large fish (20
pounds and up). Striped bass anglers are among the most avid of recreational
anglers (Cole, 1978). Similarly, the high values reported in the pilot study
by Arnsdorfer and Bockstael (no date) may reflect the high quality of the
charter boat fishing experience in the Gulf of Mexico. |

The low values for salmon reported by Rowe, et. al. (1985) are puzzling,
especially given the results of the other éwo studies of salmon reported in
Table 1.2 The low values reported by Kaoru and Smith (1990) and Kaoru (1991)
may be at least in part explainable by the nature of the problem they are
analyzing. Both studies utilize a data set for 35 sites (boat landings,
marinas and so forth) on Albermarle and Pamlico Sounds in North Carolina. The
lowest values reported are for access to just one of the sites, while other
sites are still available. Kaoru and Smith also aggregate sites into

clusters. When they aggregate to only 11 "sites", the value of access to ome

8See also the entry for Bergland and Brown (1988) and Loomis (1988)
reported in Tables 3 and 5 respectively.
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of those sites is substantially increased, to the range of $24 to $39
dependi ng upon nodel specification. This indicates the inportance of the
availability of substitute sites in determning the cal cul ated val ue of access
to any one site. In Kaoru (1991), however, the welfare |oss associated with
| osing access to all of the sites on Albermarle Sound is only $3.09. This |ow
val ue of access is puzzling.

The study by Wegge, Hanemann, and Strand (1986) presents an opportunity
to conpare access val ues derived by two different methods from the sane
sanple . This study was based on responses to a mail survey of anglers in
Southern California. In addition to obtaining travel cost and related data
respondents were asked a set of contingent valuation questions for four
di fferent nodes of fishing, by charter and party boat, by rental boat, by
private boat, and fromthe shore. For each node that an angler participated
in, the angler was asked a bidding gane question of the following form  “If
the cost of your trip increased by $X per trip would you stop taking this form
of trip altogether?” |f the response was no, the question was repeated with
hi gher values, Depending upon the node, there were an additional four to six
iterations with the cost, increasing by a factor of 12 to 40 for the |ast
question. This study reported both the nean and nedi an val ues of the highest
price at which fishing would continue.’

The responses derived fromthe contingent valuation question are
substantially | ower than those calculated fromthe travel cost nodels. The

pattern of responses to the contingent valuation question across nodes is

‘Since sone respondents indicated no cutoff price in the range of prices
on the survey instrunent, the authors presented means calculated on the basis
of assuming the true highest price was either 20 percent or 50 percent above
the highest price asked. The values reported in Table 2 are based on the 20
percent assunption.
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plausible. Charter and party boat and private boat fishing are nore highly
val ued than rental boat and shore fishing trips.

Tables 3 and 4 report values of access per person per year to single
species and multi-species fisheries respectively. These tables add some
additional information since there are five studies that report only access
val ues per year. Again the range of estimated values is striking. However,
there are only two studies reporting values that are less than $100 per year.
At least one of these is easily explainable. Mlon (1988b) estimated the
val ue of adding an artificial reef in a region in which there were already
seven such reefs. The reported values may sinply reflect the |ow narginal
value of an additional reef. There is one other notable aspect of the Mlon
Study . This is the sensitivity of the value estimate to the nodel selected
for the analysis. Values for the travel cost npdel and the nested random
utility nodel differ by a factor of ten.

The study by Mrey, Shaw, and Rowe (1991) utilized a subset of the
sanple data in Rowe, et. al. (1985). That study reported a very |ow value per
trip for access for salmn fishing in California, Oegon, and Washington.
Morey, Shaw, and Rowe utilized a formof randomutility nodel to calculate the
annual val ue of access to salnon in O atsop County on north coast of Oregon.
The annual val ue of access to this fishery for residents of Catsop County was
five times higher than the annual value to residents of Deschutes County in
the middle part of the state. This relationship is plausible on a priori
grounds. The overall |ow values per year found in this study may be
explained, at least in part, by the fact that the study was based on a sanple

of all licensed anglers, not just those targeting sal non.



Table 3.
. Geographic Extent
Spmesjn_d_,gm M ethod® of Market®
Red Drum
Cameron (1992) Joint Texas
King Mackerel
L eeworthy (1990) TC Not specified®
Elounder
McConnell (1979) TC Rhode Island
HP Rhode Island
Atlantic Salmon
Morey, Rowe, and
Watson (1991) RUM Maine
Padif
Bergland and Brown
(1988) NRUM Not specifiedd
Morey, Shaw, and
Rowe (1991) RUM Clatsop Cty, OR
Deschutes Cty, OR
n
Huppert (1989) TC San Francisco Bay Area

Site’

Texas Coast

Florida

Rhode Idand
Rhode Island

Penobscot River

One port in Oregon

Clatsop Cty, OR
Deschutes Cty, OR

San Francisco Bay

€

Values per Person for One Year’s Access to a Single Species Fishery (in 1991 dollars)

Value Per Year

$1,569
$1,376

$524
$1,169

$932 (mean)
$572 (median)

$350

$2.52
$0.51

$2,331 (OLS)f
$1,054 (MLLS)2
$477 (ML)D

Notes

ARUM = Random utility model

HP = Household production model
NRUM = Nested random utility model
TC = Travel cost model

Joint = Joint Travel cost/referendum CYM
barea of residences of anglers in sample
CArea of access to fishery

dSample is not restricted as to area of residence

€Brookings, OR, on the Oregon coast just north of the California border

fEstimated by ordinary least squares
8Estimated by non-linear least squares

PEstimated by maximum likelihood



Table 4. Values per Person for One Year’s Access to a Multi-Species Fishery (in 1991 dollars)
Geographic Extent
Region and Author M ethod® of Market® Site’ Value Per Year
Pacific Coast
Wegge, et. al. (1986) TC Southern Southern
California California Charter boat-day trip
Boat owners $463
Do not own boat $936
Charter boat-more than 1 day
Boat owners $1,855
Do not own boat $2,954
Private boat $4,261
Shore-boat owners $1,697
Atlantic and Gulf Coast
Cameron (1992) Joint Texas Texas $4,141
Kahn (1991) TC New York Long Idand  Charter boat $440
Long Idand  Party boat $1,200
Bell, et. al. (1982) CVM Rest of Country  Florida $1,115
Florida Florida $243
Arnsdorfer d
and Bockstadl (no date) TC Not Specified’ NW Florida  Charter boat $399 to 1,387
McConnéll, et. al. (1992) RefCVM Atlantic Coast Atlantic Coast $755 to 872¢
(NY-FL) (NY-FL)
Agnello and Han (1992) TC-VP Long ldand Long Idland $372
Milon (1988b) NRUM  Florida Reef $2.29
RUM Florida Reef $7.81
TC Florida Reef $23.85

Notes

‘RUM = Random utility model

= Nested random utility model

CVM = Contingent valuation method
NRUM
TC  =Travel cost model

RefCV = Referendum contingent valuation method
Joint = Joint Travel cost/referendum CVM

*Area of residences of anglers in sample

‘Area of accessto fishery

‘Sampleis not restricted as to area of residence

‘Range reflects variation across states (NC-NY)
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Sunmary
On the basis of the studies reviewed in this section, one can concl ude
that there are significant econonic val ues associated with access to marine
recreational fishing sites. On a per trip basis, these values are nost likely
to lie in the range of $10 to $100 depending upon the species, location, etc
Annual val ues per person are nost likely to lie in the range of $100 to
$1, 000, again depending upon species, location, etc. These econom c val ues
will vary according to:
-the geographic extent of the market included in the study;
-the species available at the site; and
-the size and location of the fishing site.
| hypot hesize that, other things equal, as the geographic extent of the
market is expanded in any study, the average value per person or per trip wll
decline. This is because as the sanpling frame is expanded to capture nore
people, the additional anglers are nore likely to have substitute fresh water
or marine sites closer to honme, and for that reason to place a | ower value on
the site in question. | also hypothesize that other things equal, the value
of access for all species together will be greater than the value of access to
a single species. Finally, | hypothesize that, holding other things equal
expandi ng the geographic extent of the site being valued will result in a
hi gher value per trip or per person. For exanple, the value of access to the
shoreline of one state will be larger than the value of access to one county
inthat state. This is because in the latter case, the rest of the state’s
shoreline is available as a substitute
It nust be enphasized that virtually none of these hypotheses can be

tested using the data available from these four tables. This is because the
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“hol di ng other things constant” condition is not satisfied when the values
from most of these studies are compared
Sui i

| have found only four studies of the econom c value associated with
beach activities. Bell and Leeworthy (1990) treated all the coastal beaches
in Florida as a single site and estinmated the average consuner surplus per
person for all out of state tourists who visited beaches. The average
consuner surplus per person was $235. Wen this figure is divided by the
average nunber of beach days per person, the resulting consuner surplus per
visit is $50.40. The principal problemwth this study is that the inplicit
price of a beach day, given that one has traveled to Florida, is an endogenous
variabl e since it depends on the location of the hotel/notel the visitor
chooses, the price of the notel, and the chosen level of spending on food,
etc.

Leewort hy (1991) conducted a travel cost study of visitors to a state
park and reef in Florida. The author reported consuner surplus per person per
day. The summary data indicate that there was substantial variation in the
number of days per visit across the sanple. Reported consumer surplus per
person per day varied w dely according to nodel specification. The range was
from $223 to $3,448. These figures also seem high. But apparently this park
and reef is a unique resource

Leeworthy and Wley (1991) report consuner surplus per person per day
for visitors to a state park on the New Jersey coast. The summary data
indicate that virtually all of the people in the sanple were day trippers.
Consumer surplus per day or (approximately) per visit ranged from $24.74 to

$88. 17 depending on functional formand the treatment of regression
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uncertainty in calculating the consumer surplus measure

Finally, Silberman and Kl ock (1988) used a contingent val uation bidding
game format to obtain per day values for visitors to a stretch of ocean beach
along the northern end of the New Jersey shore. They obtained a nean bid per
day of $4.57. There are at |east two possible explanations for these |ow
values in comparison with those of Leeworthy and Wley (1991). First, the
beaches studied by Silberman and Kl ock maybe of |ower quality. Apparently
some of these beaches are presently suffering fromerosion and are candi dates
for beach re-nourishnent projects. And second, there may be an anchoring bias
in the responses to the CVM questions, Since the payment vehicle utilized in
this study was an increase in the price of admssion to the beach.

Sumary.

In this section |I have reviewed those studies that can help to answer
the first question posed in the introduction, “What does the literature tell
us about the econom c values that people place on access to marine rel ated
recreation activities and sites?” | have found an extensive literature with
quantitative estimates of the value of access to narine recreational fishing.

I have found very limted literature on the value of access to beaches for
activities such as swimming and sunbathing. And there is virtually no
literature that | have found on the value of access to narine waters for
boating activities other than fishing. The lack of attention to the latter
forms of marine recreational activity is sonewhat puzzling for two reasons

The first is the evidently high levels of participation in both of these forns
of recreational activity. The second is that there are inportant econom c and
public policy issues surrounding both of these activities. For exanple,

investments in beach protection and beach enhancenment may be quite costly
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But they cannot be eval uated on econom ¢ grounds without sone estimtes of the
benefits in the formof preserved or enhanced access to beach activities.
Governnents also play a role in the provision of access to marine boating.
For exanple, public access can take the formof boat |aunching ranps, public
docks, and the leasing of publicly owned subnerged |ands for marinas and ot her
boating support activities. M review has uncovered a need for nore econonic

research into the values created by such public activities

IV, | NCORPORATI NG QUALI TY ATTRI BUTES

In this section | reviewthe results of those studies of marine
recreational fishing, beach use, and boating that include estinates of
econom ¢ value of changes in some qualitative attribute or characteristic of
the resource or site at which the activity takes place
Fi shi ng

The first question to be addressed is how to define and neasure the
qualitative characteristics of the fishery resource that are hypothesized to
affect individuals® values for the resource. All of the studies discussed in
this section have enpl oyed sone neasure of the abundance of fish in the water
or the number of fish caught, either of which reflect at least in part the
li kelihood the angler would catch a fish and consider the trip a success
Three studi es have al so included sone nmeasure of water quality that mght be
affected by EPA water pollution control policies. The results of including
water quality variables will be discussed |ater in this section

One study (Caneron, 1992) was significant in that it utilized an
obj ective nmeasure of fish abundance drawn from periodic gill net sanples in

the relevant waters. It is interesting that this study also resulted in one



18
of the highest values for a change in abundance. The other studies utilized
one of three different possible forns of catch rate variables. One formis to
use each individual’s catch per trip or catch per unit of time as a neasure of
abundance of fish. The individual’s catch rate can be measured separately for
each trip or averaged over sonething |ike a season. The forner measure is
likely to include a substantial random conponent that is at |east partly
evened out in the average individual catch rate measure. But all individual
catch rate neasures suffer fromthe |ikelihood of incorporating confounding
i ndi vidual characteristics such as fishing know edge and skill and endownent
of fishing capital (equipnment). On the other hand, the individual's own catch
rate at any given site is probably that individual's best information about
abundance at that site. In other words, the individual may not have good
information on average catch rates or other neasures of abundance at any site

The second form of neasure is an average of all anglers’ catch at each
site. This neasure averages out the individual variation referred to above
However, information on average catch rates may not be widely distributed to
anglers and, therefore, may not have that strong an influence on anglers’
behavi or .

The third formof catch rate variable takes advantage of both individua
characteristics and average catch rates as a neasure of abundance. This
approach is attributable to MConnell, et. al. (1992). These authors
construct an individual catch rate that is a random vari abl e depending on the
density of fish at the site as estimated from historic average catch rates and
i ndi vi dual characteristics such as experience, nmde of fishing (party boat
private boat, etc.), experience, and hours fished

Twenty-seven of the studies reviewed for this report incorporated sonme
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measure of catch rate or abundance. In all but three of these studies, the
catch rate variable was positive and significant, at least in nost of the
model specifications. The exceptions are Canmeron (1988b), Kahn (1991), and
Mlan (1993).

The nobst commonly used nethod for incorporating a quality neasure was
some form of travel cost nodel. Several variations of the basic travel cost
techni que were enployed, including pooled and nulti-site nodels, varying
parameter nodels, and the hedonic travel cost model. The remainder of the
studies utilized either some formof contingent valuation question or sone
form of random utility nodel

Most of the studies conputed wel fare changes for some postul ated change
inthe catch rate variable, for exanple, a 50%increase, or an increase of one
fish per trip. Canmeron and James (1987) and Cameron (1988) also estimted the
value of increases in the weight of fish caught. Selected results from those
studies focussing on the number of fish are tabulated in Table 5. Sone of
these studies also calculated welfare | osses associated with reductions in
catch rate. The welfare measure usually cal cul ated was either the
conpensating variation for the choice occasion (trip) as conputed fromthe
conditional indirect utility function of the randomutility nodel or was the

area between the two travel cost demand curves in the travel cost nodel
Dividing the latter neasure by the nunber of trips taken at the existing
quality level yields a value per trip for the increase in quality. This is a
useful summary neasure for nmaking conparisons across studies.

The highest value reported in Table 5 is $122 for a 50 percent increase
in the catch of king nackerel off the east coast of Florida (Leeworthy, 1990).

The majority of reported values are under $20 per trip. And the nested random



Table5. Valuesper Trip for Increasesin Catch Rates (in 1991 dollars)

Author
Leeworthy (1990)
Huppert (1989)

Morey, Rowe
and Watson (1991)

Cameron (1992)
L oomis (1988)
Leeworthy (1990)

Huppert (1989)

Loomis (1988)

Norton, et. al.
(1983)

Rowe, et.al. (1985)

Cameron and
James (1987)

Rowe, et.al. (1985)
Milon (1988c)
Kaoru and

Smith (1990)
Huppert (1989)
Rowe, et.al. (1985)
Kaoru and

Smith (1990)

Agnello and

Han (1992)

Cameron (1988a)

Species

King Mackerel

Salmon and
Striped Bass

Atlantic Salmon

Red Drum

Salmon

King Mackerel

Salmon and
Striped Bass

Salmon

Striped Bass

Salmon

Chinook Salmon

Salmon

King Mackerel

All

Salmon and
Striped Bass

Salmon

All

All

Salmon

Method?®
TC

TC

RUM

Joint

TC

TC

TC

TC

TC

RUM

RefCYM

RUM

RUM

RUM

RUM

RUM

TC-VP

RefCVM

Reqion/Site

Florida - East coast

San Francisco Bay

Penobscot River

Texas

Oregon Coast

Florida -West Coast

San Francisco Bay

Oregon Rivers

New England

Washington®

British Columbia

Oregon®
Gulf Coast

Pamlico and
Albermarle Sounds

San Francisco Bay

California®

Pamlico and
Albermarle Sounds

Long Island

Victoria, B.C.

Increases in Catchb

100% 50%

$122

$90¢
(1.36)

$60 (mean)
$66 (median)
1

$45

$33¢

$19.58

$8.35

$5.95
()

20-25%

$13.43

$11.07h

$7.091

One fish per trip

$28 to 859

$9.80 to 23.38

$20.84
(:54)

$18.46
(:5)

$16.68

$8.20

$3.13
(1)



Table 5. (continued) Values per Trip for Increases in Catch Rates (in 1991 dollars)

Increases in CatchP

Author Species Method® Region/Site 100%  _50%  20-25% Que fish per trip
Norton, et.al.
(1982) Striped Bass TC South Atlantic $2.21
Bockstael, et.al. .
(1989b) Big Gamel NRUM Florida S1.87
Bottom FishJ NRUM Florida $1.52
Agnello
and Han (1992) All TC-VP  Long Idand $1.31
Q)
Smith, et.al. (1991)  All HTC Pamlico and
Albermarle Sounds $0.70 to 1.28"
(1.64 per hour)
Bockstael, et.al. .
(1989b) Small Game NRUM Florida $0.40
Bockstael, et.al.
(1989b) Non-target! NRUM Florida $0.38
Kaoru (1991) All NRUM Pamlico and Albermarle
sounds $0.25
Notes

ANRUM = Nested random utility model

TC-VP = Varying parameters travel cost model

CVM = Contingent valuation method

NRUM = Nested random utility model

TC = Travel cost model

HTC = Hedonic travel cost model

bWhere available, the baseline catch rate is reported in parenthesis.

CThis is an exact welfare measure based on the indirect utility function recovered from the travel cost demand model.
dRange of values for 8 ports on the Oregon and Washington coast.

€Estimated ordinary consumer surplus based on maximum likelihood estimate of travel cost demand function.

fRange of values for 3 rivers in Oregon.

8The study reports values by county. The value reported here is the median of all coastal counties in the state.
hHigh&st of range of alternative specifications

il owest of range of alternative specifications

jSample limited to anglers targeting this species group.

kThe range for both bank and boat fishers and two different values for time. The percentage increase in catch was 61%.

ISample consists of anglers who do not state a target species.



20
utility nodels for Florida (Bockstael, et. al., 1989b) and the North Carolina
Sounds (Kaoru, 1991) yield values of under $1.00 per trip.

There are five studies that report values of increased catch in dollars
per year rather than per trip. By far the highest annual value for increased
catch is for king mackerel reported by Mlon (1991). Using a pooled travel
cost nodel, Mlon estimted annual values for three alternative measures of
catch. total catch, kept catch, and released catch. Annual values for a 25%
increase ranged froma |ow of $61 per year for an increase in the kept catch
rate to a high of $99 per year for an increase in the released catch rate.

The other studies reported |ower annual values for increased catch.
Morey, Shaw, and Rowe (1991) cal cul ated the value of an increase of one sal non
caught per trip to Gatsop County in Oregon at $1.58 per person per year for
residents of Clatsop County and $0.20 per person per year for residents of
Deschutes County in Oregon. The nost |ikely explanation for these |ow annual
values is that the sanple was drawn fromall |icensed anglers rather than
t hose targeting sal non.

Two contingent valuation studies of the value of increased catch al so
showed |ow val ues per year per person. Mlon et al., (1993) used an open-
ended contingent valuation question to obtain values for a variety of changes
in managenent practices for six species in Florida where the managenent
practice was expected to |lead to an increase in average catch per trip.

Annual values in the range of $1 to $2 were found for inprovenents that ranged
from50%to 200% The species covered were king mackerel, seatrout, and
redfish. Again, one possible explanation for the |ow nean values is the
inclusion in the sanple of anglers who do not fish for the species in

question.
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McConnel I, et. al., (1992) used data from a referendum CVM to val ue one
more fish for several iarget species groups. They find that the value of one
nmore big game fish is $9.50 per person per year in Florida and $1.54 per
person per year in Virginia. The difference could be due to differences in
the predoninant big gane species in the two states. One nore small game fish
per trip in CGeorgia is valued at $1.96 per person per year and at only $0. 34
per person per year in Virginia. Al though these values seemto be small, the
coefficients on the catch rate variables in the estinmated equations are highly
significant.

Agnel l o (1989) estimted travel cost demand functions for three species
and used themto calculate two kinds of per fish value, the value of the first
fish caught and the value the average fish caught (consumer surplus divided by
total of number of fish caught). For sunmer flounder, the value of the first
(average) fish was $21.28 ($11.09). For weak fish, the value of the first
(average) fish was $17.9 ($12.15). Finally, for bluefish, the value of the
first (average) fish was $6.85 ($1.63).

Adding Water Quality Variables. |In her analysis of referendum CVM
responses, Canmeron (1988b) found that although total catch of each respondent
was positive in predicting the probability of a yes response, it was not
statistically significant. She then added six water quality variables. Three
entered with positive and significant coefficients. They were non-filterable
resi dues, phosphorus, and chlorophyll-A  These variables are difficult to
interpret as water quality neasures. Specifically, phosphorus and
chlorophyl|-A as indicators of nutrient levels, mght be negatively related
to value in areas experiencing excess nutrients. Two measures of netals in

sediments (chrome and |ead) were negative but not significant.
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Kaoru and Smith (1990) and Kaoru (1991) experimented with alternative
proxies for neasures of water quality in their study of the North Carolina
Sounds. One set of variables was meant to capture excess nutrients. These
vari abl es were estinmates of nitrogen and phosphorus | oadi ngs by adjacent
county . \Wen these variables were entered along with the catch rate variable,
nitrogen was negative and highly significant; but phosphorus was positive and
highly significant. These variables nmay be proxies for some other aspect of
water quality or site characteristics. As an alternative, these two studies
al so conputed biochenical oxygen demand (BOD) and total suspended solids (TSS)
fromdata on flows and | oadi ngs through munici pal waste water treatment
plants. Wien BOD and TSS were used as water quality measures, they sonetines
had the wong sign, but usually were not significant.

Summary. The studies reviewed here provide strong evidence that fishing
success is an inportant characteristic and influences the behavior of
individuals. This finding is robust across different data sets, node
specifications, and estimation methods. Changes in fishing success are
significant predictors of changes in use. Changes in individuals' behavior in
response to changes in success can be used in appropriate nmodels to calculate
wel fare neasures. These welfare measures are often |arge percentages of the
access values for the sane fishery. For exanple, Mrey, Rowe, and Watson
(1991) found that the value of a 100 percent increase in the catch rate for
atlantic salnmon was alnost as large as the access value to that fishery at the
current catch rate. The results of Cameron (1992) for red drum show a simlar
rel ati onship between present access value and the value of a 50 percent
increase in species abundance. Thus if water quality inprovements lead to

increases in catch rates, the benefits to users of these fisheries could be
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substantial .
Beach includin W1 na.

Consi dering the nunber of people who visit beaches and other activities
it is surprising how few studies have focused on the demand for beach use and
in particular, the role of qualitative attributes of beaches in explaining the
demand for beach visits and the value of access to beaches. I'n this section
summari ze results of six analyses of beach use and the val ues of neasures of
beach quality,?!®

Vaughan, et al. , (1985) attenpted to use a participation nodel to
det erm ne how participation in sw ming at marine beaches was influenced by
the availability of unpolluted beaches. But in their statistical analysis,
they could not detect a significant and robust effect of quality or
avai lability on beach use. Their tentative explanation was that the beach
quality data were not good enough for this purpose

Feenberg and M11Is (1980) and Bockstael, Hanemann, and Kling (1987) have
both conducted studies based on data from a household survey of beach users in
Bost on. Both studies utilized a RUMto cal cul ate benefits per trip and per
person for a season for reductions in water pollutants such as oil, total
bacteria, color, and chenical oxygen demand. The results show quite snal
benefits per trip ranging froma few cents to a little over $1 depending upon
the attribute and the nagnitude of the change. The results are quite
conparable in the two studies. FEven small benefits per trip add up over a
season when an individual may make a number of trips. The closest conparison

between reported results of the two studies is for a 10 percent reduction in

10McConnell’s (1977) analysis of the willingness to pay to avoid
congestion is not directly relevant to this study.
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oil, total bacteria, and color (Feenberg and MIIs) versus the sane percentage
reduction in oil, fecal coliform bacteria, and chem cal oxygen denand
(Bockstael, Hanemann, and Kiing). Feenberg and MIls found a value of $3.23
per person per year for their change, while Bockstael, Hanemann, and Kling
found a value of $10.48 for their change. This conparison denonstrates that
di fferent anal yses and methods of computing welfare changes fromthe sanme
underlying data set can lead to different results

McConnel | s (1986) study of the damages to beach users in New Bedford
yi el ded damages per household in the range of $3-4 per year. As in the case
of the two Boston studies, these are beaches in urban areas that are used
primarily by local residents for trips of 1 day or less in duration. And the
annual val ues per person are the same order of magnitude. However the quality
differences being valued were quite different in the two studies. The quality
paraneters valued in the Boston studies were changes in presunably perceptible
attributes of water quality, whereas in the New Bedford case, respondents’
know edge of the pollution came only from news media reports of the finding of
PCBs in bottom sedinents. Also the Boston values were based on observed
behavior, while the New Bedford study was based on responses to a question
about hypot hetical behavior.

Bockstael , McConnell and Strand (1989a) provi ded two i ndependent
estimates of the value of water quality in beach use or swinming in the
Chesapeake Bay. The travel cost nodel of beach visitors, when aggregated over
all visitors, yielded a total value for a 20 percent inprovement in water
qual ity of about $45 mllion. The contingent valuation question about
i nproving presently unacceptable water to acceptable for sw mmng, when

aggregated over the population of the Washington and Baltinore SMSAs yiel ded a
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total value of about $89 nillion. The two values are not strictly conparable
bot h because they are aggregated over different popul ations and because they
value different changes in water quality. Arguably, a change from
unacceptable to acceptable is larger than a 20 percent inprovenment in neasured
water quality for people who are already using a beach. Although, the CV
question referred to acceptability for swinm ng, respondents may have al so
been val ui ng ot her possi bl e uses nade possible by the inmproved quality.

In summary, if disaggregate data on specific beaches are available, it
is possible to identify characteristics of beaches that affect behavior and
that have value. Gven the large nunbers of visits to beaches, small val ues
per person could result in |arge aggregate values for changes in inportant
beach characteristics.

Boat i ng.

| have found only two studies attenpting to link the demand for and
val ue of marine boating activity to changes in water quality. Vaughan, et
al., (1985) analyzed national boating participation and boat ownership data
and linked this to the availability of unpolluted nmarine waters. The authors
did not find significant benefits associated with inprovenents in marine water
quality. This is at least in part because of the poor quality of the water
quality data available for their study and in part because of the snal
predicted inmpact of the Cean Water Act on marine water quality at the
national |evel.

Bockstael , McConnell, and Strand (1989a) focused on one area, the
Chesapeake Bay, and used reveal ed behavior in response to neasured differences
in nutrient concentrations (nitrogen and phosphorous). Excessive nutrients

are believed to be responsible for changes in submerged aquati ¢ vegetation and
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turbidity that may affect the anenity val ues associated with boating
activities. For one group of boaters, those who trailer their boat to an
access point, the authors found benefits for a 20 percent inprovement in the
water quality measure of about $78 per boater. Thus, in those areas where
there are perceptible water quality problems, there may be significant values
associated with inproving water quality.
Sunmary.

The second set of questions posed in the introduction is, “Wat
attributes of recreation sites matter to people? And what val ues do they
pl ace on changes in the attributes?” For recreational anglers, the primary
attribute that matters is fishing success as measured either by catch rate or
abundance of the target species. There is very little evidence that water
qual ity variables play any independent role in influencing behavior and the
val ues that people place on marine recreational fishing. There is also
evi dence that people place different values on increasing abundance of
different species. At this point, it is not clear how much of the observed
variation in values across species is due to differences in node
specification and estimation and how nuch reflects true differences in
i ndi vidual preferences. The substantial variation in values within a species
group suggests that nodel specification and estimation may play an inportant
role in explaining differences in values across studies, as well

For beaches, the available evidence suggest that perceptible pollutants
such as oil and potential threats to health such as fecal coliformbacteria
and PCB contanmination are inmportant attributes. The values per person per day
for changes in these attributes may be relatively small. But given high

participation in beach activities, aggregate values can be |arge
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For boating, there is only a linmted body of evidence. But the study by
Bockstael , McConnell, and Strand (1989a) suggests that there may be inportant

benefits in cleaning up perceptible pollution problens in sone water bodies

such as Chesapeake Bay.

V. LI NKI NG VALUES TO POLI CY

In order to use the results of the studies reviewed in this report to
eval uate water pollution control policies, it is necessary to establish the
i nks between the discharges or |oadings of pollutants affected by these
policies and the attributes of the recreation resources that natter to people.
In the cases of beach use and boating, these links may be relatively easy to
establish, at least for sonme attributes and pollutants, for exanple feca
coliform bacteria. But there are relatively few studies of the value of beach
use and the value of reducing pollution at beaches

In the case of recreational fishing, establishing these links appears to
much nore difficult. First, there are only two sets of economic studies that
have reported the results of including water quality or water pollution
measures when estinating demand and value functions. And results of these two
studi es have been mixed in terns of the expected signs of these variables and
their statistical significance.?! Second, all but one of the remaining
studi es were based on catch or success rates rather than stock abundance, per
se. It is reasonable to assunme that catch rate is positively linked to stock
abundance. But it would be useful to have this relationship confirmed
enpirically and to have some information on the shape of the relationshinp.

For exanple, is it a sinple linear relationship? Is it a constant elasticity

11gee Cameron (1988b), Kaoru and Smith (1990) and Kaoru (1991)
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rel ationship?

Third, only one of the studies reviewed here used a neasure of stock
abundance. Cameron (1992) found that abundance of red drum as neasured by
gill net surveys was positive and significant in explaining anglers’ values
for this fishery. But this still leaves us with the question of the
relationship between water quality and abundance

| have found only one najor study of this relationship for species of
commercial and recreational significance. Summers et al. (1987) estimated the
rel ationshi ps between constructed neasures of stock abundance and various
hydrographi ¢ and “macropol | ution” variables for 24 species in each of five
Atlantic Coast estuaries. The relationships were based on tine series data
for each of the species/estuary conbinations. Human popul ation and dredging
activity were used as proxies for pollution nmeasures in all of the
regressions. Measures of dissolved oxygen and/or |oadings of sewage or
bi ocheni cal oxygen demand were also used in three of the estuaries. A neasure
of stock abundance for each estuary and species was constructed fromlocal and
statewi de data on conmercial |andings and sﬁate level data on effort.

The results of this study are difficult to summarize. The dissol ved
oxygen neasures were of the expected sign and significant for many (but not
all) of the species that spend all or part of their life cycle in the
estuarine area. But the volume of dredged material was al so positive and
significant in nmany regressions

| see at least one inportant problemin applying the results of this
study to the valuation of pollution control in recreational fisheries. It is
difficult to know how rmuch confidence to place in the constructed stock

abundance variable. The use of this variable in a time series analysis
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requires the assunption that the matchability coefficient or catch per unit of
effort is stable over the period of time being covered. COherw se, changes in
the constructed measure of abundance could be due to other factors rather than
changes in pollution.

Anot her problemis that at |east for sone species, a priori reasoning
suggests that the |ink between measures of pollution and catch rates or
speci es abundance may be very weak. Some of the species for which econonic
studies exist are essentially off-shore species. They would be unlikely to be
directly affected by water pollution. Exanples include salnmon before they
return to fresh water for spawning and king mackerel

Striped bass and salnon are two species that appear to have high
recreational value and that are experiencing adverse effects in several ways
froma variety of types of human activity. For both species over harvesting
is surely one contributor to their difficulties. In the case of both atlantic
and pacific salmon, there have been reports of concerns about excess fishing
mortality from off-shore fishing, especially with gill nets or drift nets
Sal non are al so adversely affected by hydroelectric devel opnent in their
spawning rivers and by logging on the adjacent land (Looms, 1988). As for
the striped bass, it may prove to be very difficult to sort out the
contributions to the recent decline of population fromloss of subnerged
aquatic vegetation in the Chesapeake Bay, herbicide pollution from
agricultural runoff, over harvesting, and perhaps other factors.

In summary, we have a poor understanding of the |inks between water
pol I ution control policy and those attributes of marine recreational fishing
that are valued by individuals. This appears to be the principal barrier to

devel opi ng credible estimates of the econonic benefits of controlling water
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pollution in marine waters

VI, THE TRANSFERABILITY OF VALUE MEASURES

The fourth question identified in the Introduction was, "lIs it feasible,
and if so, under what conditions, to use the value infornmation obtained for
specific sites and/or activities to estimate values of changes in activities
or attributes at other recreation sites?” In other words, do we know enough
about the values associated with marine recreation activities to perform
“benefits transfers” in which value nmeasures taken from a “study site” are
used to calculate the benefits of proposed changes at a “policy site”? Thi's
is an interesting question because of the |arge nunber of reported val ues (at
| east for recreational fishing) reviewed in this report.

A more inportant problemfor those considering benefits transfer in this
area is the wide range of values reported for both site access and changes is
quality. Two studies of the same site can produce different estinates of
val ue either because of differences in the characteristics of individuals in
the sanple or differences in the methodol ogy, nodels, and estination
techni ques used in the analysis. And in addition, different sites can have
quite different values because of differences in characteristics, markets
sei ned, etc.

One of the striking things revealed by this survey is the heterogeneity
of the present list of study sites. Sone study sites have values only for a
singl e species or species groups even though other species may be avail abl e at
those sites. Qher study sites have values for all species conbined. Sone
study sites define the geographic extent to their markets in a very narrow

way, for exanple, by estimating values only for residents of a county or
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state, while others draw their sanples fromall users of the site regardl ess
of their residence. And finally, there is great heterogeneity in the ways
various studies define the site itself. For exanple, sone studies estimate
val ues for specific points of access such as a marina or boat ranp (Kaoru and
Smith, 1990 and Kaoru, 1991). For others, the “site” is the entire coastline
of a state and its adjacent waters (for exanple, MConnell, et al. , 1992).
Qobviously, it is inmportant for the study site to match the characteristics of
the policy site.

Even in those few instances where several studies value the sanme species
in simlar circunmstances (for exanple, pacific salnon), estinated values span
a wide range. W do not at present have a good understanding of the sources
of this variation. However, the results of some recent research suggest that
one possible source of this variation has to do with the choices made in the
process of fitting data to a nodel to generate a welfare measure and the
effects of the choice of a nodel and functional form on the welfare measure
Several studies have shown that welfare nmeasures can be sensitive to the
choi ce of a nodel and/or the choice of a functional formfor a specific nodel.
Some of these studies involve sinulations in which the “true” welfare neasure
is known and can be conpared with estinmates derived by fitting the sinulated
data to alternative nodels. For example, Kling (1988) has used a Mnte-Carlo
simulation strategy to investigate the properties of welfare nmeasures derived
fromthe pooled and typical trip travel cost nodels and the |ogit nobdel. She
specified three alternative forns and parameters for utility functions, solved
the constrai ned neximzation problens to generate site visitation data, and
estimated the recreati on demand nodels with the sinulated data. She then

estimated wel fare values for specified changes in site qualities using the
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estimated nodel s and conpared these estinmates with the known “true” welfare
values calculated from the specified utility functions. The pool ed node
generally performed poorly. Wen the pool ed nodel was reestimated in a Tobit
form it gave good results for one of the specified utility nodels. And the
typical trip nodel also gave good results for-one utility function but poor
results for the other two utility functions. The logit nodel perfornmed poorly
for all of the utility functions.

Gt her studies have involved examning the sensitivity of welfare
estimates to changes in some aspect of the specification of the nodel being
applied to real data. For exanple, Smith and Kaoru (1990) investigated the
effects of aggregating sites on the calculated welfare neasures. And Kaoru
(1991) found that applying a nested RUMto the Kaoru and Smith data yiel ded
different welfare measures. Finally Huppert (1989) and MIon (1988b) found
big differences in welfare nmeasures as they used different nodels and
estimation techniques.

Since the true nodel can not be known, we must add nodel uncertainty to
the list of sources of uncertainty in welfare neasures. An inportant area for
future research is to obtain a better understanding of the sources and

properties of this source of uncertainty.

VIT.  CONCLUSI ONS

The basic question posed at the beginning of this Report was “whether
the available economics literature provides a basis for estimating the
benefits to marine recreation attributable water pollution control prograns.
There is now a substantial body of enpirical literature that provides

estimates of the value of access to beaches and to marine recreational fishing
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sites and fisheries. This literature enploys several reveal ed preference
nmet hods such as the travel cost and randomutility nodels as well as
contingent valuation nmethods. This literature also establishes that severa
nmeasures of pollution adversely affect the values of trips to beaches and that
i nproved fishing success and higher catch rates are usually val ued by
recreational anglers.

However, as this review has shown, there is substantial variation in
val ue neasures across studies. And there is now the realization that welfare
estimates appear to be quite sensitive to the choices nmade about node
specification and estimation. Different nodels applied to the same data may
yield quite different value neasures. Theory may provide no guidance as to
which nodel is “correct.” And statistical tests of goodness of fit may be
inconclusive, as well, Also, in the case of marine recreational fishing,
which is the activity that has been studied the nost, the |inks between policy
and the attributes of the activity that people value (catch rate) have not
been established

In nmy study of the national benefits of air and water pollution contro
prepared for the Council on Environnental Quality (Freeman, 1982), | estinated
that the benefits to marine recreational fishing associated with achieving the
obj ectives of the Federal Water Pollution Control Act by 1985 woul d be about
$2.1 billion per year with a range of uncertainty of $.2 - 6.3 billion (1991
dollars). | also estimated benefits to swinmming and boating of about the sane
order of magnitude. However these estinmates were for fresh water and marine
activities conbined. The basis for these estimtes was a review and synthesis
of the then available empirical literature on the valuation of recreation

activities plus a large element of ny own judgenent. The estimate for narine
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recreational fishing was based entirely on a study by Bell and Canterbury
(1975). These authors used secondary data from a nunber of sources to derive
rel ationships between water quality and biol ogical productivity and
productivity and the nunber of participants and days of sport fishing. Their
study yielded an estimate of the benefits of pollution control that seened
i npl ausi bly high relative to the range of estinates produced by several
studies of fresh water recreational fishing.!?

Are we in a better position today to assess either the benefits of
attaining the targets set by past national pollution control policy or to
project benefits from some new national initiative? On the one hand, we have
many nore building blocks in the formof studies of the values of site access
and changes in characteristics. A review of the values reported in Table 2
suggests a range of values per person per trip for access to a variety of
nul tispecies fisheries of, say, $10 - 100. Wth something of the order of 50
mllion trips in a typical year, the total welfare value of access to narine
fisheries resources could lie in the range of $0.5 - 5 billion per year.
Simlarly, from Table 4, the annual value of access to a variety of
mul tispecies fisheries could be in the range of $100 - 1,000 per person per
year. Wth approximately 10 nmillion participants in marine recreational
fishing, this suggests a total welfare value O $1 - 10 billion per year.

However, as noted above, the nmissing link for analysis of policies is
i nformati on on how these policies would affect the characteristics of the
fishery resource that people value, in particular, catch rate or success
rates. Looking back on things, | would be surprised to learn that the Federal

Water Pollution Control Act (FWPCA) of 1972 had affected marine recreational

12For a more detailed discussion, see Freeman (1982), pp. 158-161.
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fishery values by as much as 10% in aggregate. Al though species that are

dependent upon estuaries such as the striped bass appear to have high val ue
and may have been significantly affected by water pollution in certain areas
(for exanple, the Chesapeake Bay and San Francisco Bay), the water quality
probl ems of these waters have proven to be difficult to correct and the causes
of harmto these species have proven to be nore conplex. Thus , although there
may be substantial economic value in improving the health of highly val ued
speci es such as striped bass and salnon in the future, it is difficult to
conclude that the FWPCA-72 has already resulted in significant benefits to
t hese speci es.

It appears that an upper bound estimate Of the marine recreational
fishing benefits associated with FWPCA woul d be Substantially lower than ny
earlier assessment, perhaps no nore than $1 billion per year. And the npst

likely value woul d be sone fraction Of that.



APPENDI X
SUMVARY DESCRIPTIONS OF | NOI VI DUAL STUDI ES
Thi s Appendi x contains descriptions of each of the marine recreation
studies referred to in the body of the report. Each description included
sumaries of the value measures derived by the study. Al of the value
neasures reported in this appendi x have been converted to 1991 dollars by the

use of the consumer price index.

Agnel lo (1989)

Agnello utilized a travel cost nodel to estimate the marginal and
average values per fish caught by anglers targeting bluefish, summer flounder,
or weakfish. The survey area was the Atlantic Coast from New York to Florida
Data are from the 1981 Marine Recreational Fisheries Statistics Survey.

Fi shing success was neasured by the total nunmber of fish of all species kept
on the trip on which the interview took place. This variable was positive and
significant in all equations.

Wien estimated by weighted |east squares, the standard travel cost nodel

yielded the follow ng values per fish:

Bl uefish Fl ounder Weakf i sh
First Mean First Mean First  Msan
$6.85 $1.63 $21.28 $11.09 $7.19  $2.15

The author also estimated a nodel in which anglers were assunmed first to
determ ne the nunber of fishing trips per season and then to choose a trave

di stance. Thus travel cost was the dependent variable in a regression. The
val ues derived fromthis approach were substantially |ower than those fromthe

standard nodel, never nore than 50 percent of the values listed above



Agnello and Han (1992)

The authors utilized varying paranmeters travel cost nodel to estimte
values for all fishing in the Long Island area. The fishing quality measure
was the nean catch rate of all anglers for each site. The travel cost nodel
included the price of a substitute site. The catch variable was positive and
significant in nost of the nodel specifications. The ordinary consumer
surplus per trip in the nodel with site substitution was $23.84. The increase
in consuner surplus per trip for a 20 percent increase in catch was $1.31.

The value of doubling the catch was $5.95 per trip.

Arndorfer and Bockstael (no date).

In this study, the authors report the results of a travel cost analysis
of demand for charter boat fishing fromtwo ports in northwest Florida. They
al so report both referendum CV and travel cost values for changes in the bag
limt for one of the target species, king mackerel. The data are from an
intercept survey with nail follow up conducted over a four nonth period in the
latter nonths of 1985. Thus it captures behavior only during part of a
season. Three quality variables were included in each regression equation:
actual average catch of pelagic species, actual average catch of bottomfish
species, and expected catch of king nmackerel. Wth one exception,
coefficients on catch variables were positive. The pelagic species catch rate
variables were all significant. But the king nmackerel coefficient was
significant in only one specification.

The annual consuner surplus varied from $399 to $1, 387 dependi ng upon
the nodel specification. Gven the nean nunmber of trips per respondent this

anounts to between $222 and $770 per trip. Values for changes in the bag
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limt ranged from$1l to $10 depending on whether the limt was one, two or
three fish and depending upon the nodel specification. The nedian value for a
postul ated increase in expected catch of one fish per trip ranged from $250 to
$400 (or $140 to $220 per trip).

The referendum CV question asked if people would be willing to pay a
given amount for a one unit increase in the Florida state bag limt. The
median willingness to pay was only $5.72. The authors suggest that this |ow
value in conparison with those fromthe travel cost nodel resulted from
individuals' beliefs that the bag linmt was not enforceable and that it

applied only to catch within the three nile limt of state jurisdiction.

Bel | (1989

In this study, Bell provides estimates of the value of coastal wetlands
in Florida in supporting commercial and recreational fisheries. The aut hor
estimated the marginal productivity per acre of wetlands. The marginal
productivity was neasured in terns of weight and nunber of fish caught. The

val ue data cane from Bell, Sorenson, and Leeworthy (1982).

Be and Leeworthy (1990) .

Bel | and Leeworthy utilized a variation on the travel cost nodel to
estimate the recreational value of all of the beaches of coastal Florida. The
data cone from a survey of tourists as they left the state either by plane or
private auto. The tourist interviews were conducted at airports and major
hi ghways. Respondents were asked questions about |ength of stay, origin of
trip, and nunber of days spent at coastal beaches. To account for differences

in the nunber of days spent in Florida across the sanple, the authors
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devel oped a variation on the travel cost nodel in which the nunber of days
spent at the beach depended negatively on the cost per day in Florida and
positively on the cost of the trip to Florida.* There was no beach quality
variable in the travel cost equation.

Average consuner surplus per visit to Florida was $235. The nunber of
days at the beach varied across individuals. The average consumer surplus per
beach day was $50.40. Based on an estimte of total tourist beach days in
Florida, the authors estimte an aggregate consuner surplus of $3.1 billion
per year. The time cost of travel was not included in the nodel. SO these
val ue neasures may be biased downward

There is a conceptual problemwith this nodel. The inplicit price of a
beach day is the cost of staying in Florida for one day (lodging, neals,
etc.) , prorated by the percentage of each day spent at the beach, plus the
cost of traveling fromthe place of |lodging to the beach and back. The
inplicit price of a visit is not exogenous to the individual. As Shaw (1991)
has pointed out, the calculated price depends in part on how | ong one stays at
t he beach each day. Furthernore, this price. also depends upon the

individual’s choice of a place to stay, preferences for restaurants, etc.

1982

As part of a survey to determine the economic impact of saltwater
recreational fishing in Florida, both residents and tourists were asked an
open ended CV question about how much the annual cost of fishing to them would

have to increase in order for them to stop fishing. The surveys were

lsee Hof and King (1992) for an elaboration of the theoretical foundation
of the welfare measure estimated in this study.
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conducted in 1980 and 1981. The tourist interviews were conducted at airports
and major highways. For all residents, the mean willingness to pay per day
was $57.57.
The mean willingness to pay per year was $1,114.73. Results were also
di saggregated by region. The highest values were for people fishing in the
Southern part of the state. For tourists, the nean willingness to pay per day

was $45.11. The nean willingness to pay per year was $243.20.

Bergl and and Brown (1988)

In this study, the authors utilized a nested random utility nodel to
val ue ocean salnon fishing in Oregon. The sanple consisted of anglers who are
targeting ocean salmon. The source of the data was an intercept survey
carried out at ten ports on the Oegon coast by the Oregon Department of Fish
and Wldlife. Because the survey did not gather inconme data, the nodel was
estimated using nedian income from the Census for zip code of the respondent,
Catch rates for the three species of salnon were utilized. The coho catch
rate was positive and highly significant. The Chinook catch rate was positive
but not significant and the pink salnmon catch rate was negative and highly
significant.?

The estimated equati ons were used to calculate the average consuner
surplus for closing down one of the ten coastal ports (Bookings). The

consuner surplus was approximtely $350.

2The explanation for this may be that pink salmon is a less desirable
sports fishing species and the catch rates for pink salmon are about two
orders of magnitude lower than the catch rates for coho and chinook salmon.



Bergstrom et al. . (1990)

The authors report on a referendum contingent val uation study based on
on-site interviews at 88 boat launch sites in southeastern coastal Louisiana.
Respondents were engaged in a variety of water based recreational activities
including water fow hunting, fresh water fishing, saltwater fishing,
recreational shrinping, and recreational crabbing. Respondents were asked
questions about willingness to pay to preserve their bag or catch per day at
current levels, at 40 percent of current level’s, and at 25 percent of current
levels. The nmean willingness to pay for current levels of protection was $446

per year.

Bockstael ., Hanemann, and Kling (1987)

The authors utilized a RUM anal ysis of beach use in the Boston Area.
The data canme froma survey of households in the Boston area conducted in
1974. These data were also utilized by Feenberg and MIls (1980).
Concentrations of oil, chenical oxygen demand (COD), and fecal coliform
bacteria were significant in the logit equation for choice of a beach to
visit. The nodel was used to calculate benefits for a nunber of changes on a

per visit basis and per person for the season. The results are as follows:

Aggr egat e Val ue’

Quality Change $ per Trip $ per Season (per year)
10% Reduction in oil $. 14 $2. 65 $6. 9 m [ | on
10% Reduction in COD .33 7.31 19.3 mllion
10% Reduction in fecal

coliform .06 .52 1.4 mllion

3Calculated by the author using 2.63 million people over age 18 as

reported _
in Feenberg and Mills (1980).



30% Reduction in oil .55 12. 86 34.0 m [ | on

30% Reduction in COD . 80 19.73 51.9 mllion

30% Reduction in fecal o
coliform .33 7.87 20.7 mllion

30% Reduction in three o
pol lutants - all beaches 1.38 33.23 87.5 mllion

30% Reduction in three

pol lutants - eight o
downt own beaches .75 16. 12 44.4 mllion

MConnell., and Strand (1989a

This study has four conponents. The first is a referendumCV for
inproved water quality for “swinmng and/or other water activities.” The
second is a varying paraneter travel cost nmobdel for the use of beaches on the
Maryl and portion of the western shore of Chesapeake Bay. The third is a
varying parameter travel cost nodel for boating activities in which the sanple
consists of boat owners who trailer their boats to the site of the activity.
The fourth is a pooled travel cost nodel for striped bass fishing.

In the CV study, people who found the water unacceptable for sw nming
and/ or other water activities were asked whether they would accept a tax
increase ranging from$5 to $50 per year in order to inprove water quality so
that it was acceptable for swiming. The calculated nean willingness to pay
for those who used the Bay for recreation was $159. For those who had not
used the Bay, the nean willingness to pay was $50. Wen the mean willingness
to pay is extrapolated over the popul ation of the Washington and Bal tinore
SVBA's . the aggregate willingness to pay is about $88.5 million for users and
about $30.9 nmillion for nonusers.

The data for the travel cost nodel cane froma survey of 484 people at
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11 public beaches on the western shore of the Chesapeake Bay in Maryland. In
the first stage of the varying paraneter travel cost nodel, travel cost
equations were estimated for each of the beaches. In the second stage, the
coefficient on own price and the constant termwere regressed on a neasure of
water quality. The water quality measure was the product of the
concentrations of nitrogen and phosphorus in the water at the monitoring site
nearest to the beach in question. The coefficient on own price was negative
and significant in the second stage regression.

This nodel was used to calculate the willingness to pay for a 20 percent
i nprovenent in water quality neasure (that is, a 20%reduction in total
nitrogen and phosphorus. The aggregate benefits ranged from$22 nmillion to
$59 nillion, depending on the nethod of calculating benefits. The best
estimate was $45 nillion. It is not possible to conpute the willingness to
pay per household on the basis of the information contained in the report.
But if the relevant population is taken to be that of the Wshi ngton DC and
Baltinore SMBA's, this anmounts to about $80 per household. This may be an
upper bound estimate, since the population using these beaches may include
residents outside of these two SMBA's.

The estimates of boating values were based on a varying paraneter trave
cost analysis of data froma mail survey of registered boat owners in
Maryl and. The analysis was linmited to owners who trailer their boats to
various points of access to marine waters. The water quality variable was the
product of nitrogen and phosphorus concentrations. This variable was negative
and significant in the second stage equation for the own price coefficient.
The estimated benefits for a 20 percent reduction in this neasure ranged from

$.9 to $10.7 nmillion per year depending upon the method for cal culating
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benefits. The "average” estimate is $6.2 million per year, or about $78 per
boat er.

The anal ysis of striped bass anglers was based on a pool ed travel cost
model utilizing data extracted from the 1980 National Survey of Fishing,
Hunting, and Wldlife-associated Recreation. The authors extracted data for
respondents who were Maryland residents, Wwent saltwater recreational fishing
in Maryland, and targeted striped bass. The dependent variable was fishing
days, since a trip neasure was not available. The independent variables
included the trip cost to the area in which fishing took place and each
i ndividual's average number of fish caught per trip. The catch rate variable
was positive and significant. The benefits of a 20 percent increase in
individuals’ catch rates ranged from about $.9 million to $2.7 nillion
depending on the nmethod used to cal cul ate val ues. The “average” estimate was
$1.8 nillion per year. Fromthe data reported, it is not possible to

calculate a per person or per trip value.

Backst ae McConne and Strand 11989b)‘

The authors applied a nested randomutility nmodel to data from an
intercept survey and follow up tel ephone interviews of anglers on the Atlantic
Coast of Florida. Respondents were asked questions about all marine fishing
trips taken during November and December of 1987. Responses were
di saggregate by groups of target species (e.g., small game, bottom fish, big
gane) and node. Sites were coastal counties. The quality variable was catch
rate or success rate by rmode and target species group. This variable was
positive and significant in the equation explaining site choice

Access val ues per choice occasion ranged from $0.97 to $9.53 dependi ng



A-10
upon the county. Mst of the values were in the range of $2.00 to $4.00 per
occasi on. Since in the nested nodel structure, one option is to choose not to
fish, there are nmore choice occasions than visits to a specific site.
Therefore, the values per actual visit to each site will be greater than the
val ues reported here. But since the probabilities of visiting each site were
not reported, it is not possible to calculate values per visit to any sites,
The val ues per choice occasion for enhancing quality by 20 percent,

averaged across the whole sanple were:

Smal | game fish catch rate +20% $0. 40
Non-targeted success rate +20% 0.38
Bottom fish catch rate +20% 1.52
Bi g gane success site +20% 1.87

At this stage in the nested nodel structure, each choice occasion represents a

trip. Therefore, these values can also be interpreted as values per trip.

Caneron (1988a)

The author used a subset of the Caneron and Janmes (1987) cl osed ended
referendum CV data to estimate directly the inverse Hicksian denand functions
of respondents. These were used to estimate the willingness to pay for a trip
and willingness to pay for changes in certain attributes of the trip. The
survey data were from salnon anglers in British Colunbia. The nunber and
wei ght of sal non caught were significant determinants of wllingness to pay.

The willingness to pay per trip was $34.22. The willingness to pay for

a one fish increase in the total catch was $3.13. The willingness to for one
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pound increase in the weight of the largest salmon caught was $0.78.°¢

Caneron (1988b)

This study enpl oyed Canmeron’s censored | ogistic regression nodel to
anal yze responses to a referendum question adm nistered torecreational
anglers at intercepts on the Texas Qulf Coast in 1987. The question was about
willingness to pay for one year of access to the fishery. Responses differed
according to the region in which the intercept took place. Questionnaires
were adnministered during creel surveys. The total number of fish caught on
the interview day was positive but not significant in any of the nodel
specifications. The addition of a set of six water quality variables to the
regression equation had nixed results. Total non-filterable residue, tota
phosphorus, and chlorophyl|-A were positive and significant. It is not clear
to me what these variables represent and whether there is any mechani sm
linking themto fishing success or any other aspect of the quality of fishing
Anot her quality neasure (loss on ignition, bottom deposits, in g/kg) was
positive but not significant. Measures of chromiumand |ead in bottom
deposits were both negative but not significant.

No welfare neasures were reported. All results were in the form of

elasticities.

Caneron (1992)

In this study, Caneron estinated the value to anglers of the abundance

‘Although it is not stated in this report, these are apparently Canadian
dollars. Given the exchange rate in 1984, the values in US dollars would be
about 77% of those reported here.



A-12
of red drumin the Texas Qulf Coast region. The author used both contingent
val uation and travel cost data to estimate a single utility function for
fishing days and all other goods and services. The nodel and data are
describe in nore detail in Caneron (1989a and 1989b). The data came froma
survey of recreational anglers conducted by the Texas Departnment of Parks and
Wldlife in 1987. The contingent valuation data were for a referendum
question of the form “If the total cost of all your saltwater fishing |ast
year was ($X) nore, would you have quit fishing conpletely?” The data on
abundance of red drumare unique in that they are based on fish popul ation
sanpl es collected periodically by gill nets. The neasure of abundance of red
drum was positive and significant in the regression equation.

Bot h conpensating variation and equival ent variation welfare nmeasures
were conputed fromthe parameters of the utility function. Since the
differences between the two neasures were only of the order of 1-3 percent,
here | report the nean of the two neasures and refer to it as a consuner
surplus measure

For the nean level of fish abundance, the consumer surplus per year was
$4, 281. The increase in consuner surplus for a 50 percent increase in nmean
abundance was $1,521. The decrease in consumer surplus for a 50 percent
decrease in abundance was $936. And, finally, the loss of consunmer surplus
for the elimnation of the red drum popul ation was $1,569. The activity of
fishing still had value for anglers because of the availability of other
speci es. Interestingly, the mean nunber of trips taken per angler was not

sensitive to changes in the abundance of red drum

Cameron _and James (1987



A-13
The authors used data froma closed ended referendum conti ngent
val uation survey of British Colunbia recreational anglers to value changes in
certain attributes of the fishing trip. The nunmber of chinook sal non caught
was positive and highly significant. The number of coho sal mon was negative
and significant. The weights of the largest fish caught of both species were
al so positive and significant.

5

Mar gi nal values per trip for the various attributes Were:

One nore chinook $18. 96
One nore coho given that nunber

of chinook is positive -10. 40
One nore coho given that number

of chinook is zero -1.57
One nore pound for |argest chinook .85
One nore pound for |argest coho 5.70

The negative values for additional coho sal mon might be explainable by the
effect of alimt on the total number of salnmon that can be kept per day. An
addi tional coho reduces the nunber of chinook, a more preferred species

that can be kept.

Feenberg and Mills (1980 ,
The authors used a random utility model to estiméte the value of
i nproving certain water quality characteristics at 29 beaches in the Boston

Area. The data came from a survey of househol ds conducted in 1974. The water

Salthough it is not stated in this report, these are apparently Canadian
dollars. Given the exchange rate in 1984, the values in US dollars would be
about 77% of those reported here.
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quality characteristics analyzed were oil, color, and total bacteria, all of
that were significant in the logit equation for predicting the choice of beach
to visit.

A 10 percent reduction in these three pollutants resulted in a benefit
of $0.36 per visit. A second equation allowed for the prediction of the
nunber of visits to each beach and cal cul ation of benefits per person per
year. A reduction in oil to a maximumof 10 ng/100m resulted in a benefit
per person per year of $108. Extrapolation to the total population over age
18 yielded a benefit of $283 nmillion/year. A conbined 10 percent reduction in
oil, color, and total bacteria had a per person benefit of $3.23/per year or

$1.26 mllion per year for the total population

ert (1989

This is a study of the conbined val ue of the Chinook salnon and striped
bass recreational fishery in the San Francisco Bay area. The study has both
travel cost and contingent valuation conponents, and includes a conparison of
TC and CVM based estimtes of the value of changes in catch rate. The data
cone fromthe Bay Area Sport Fish Econom ¢ Survey of 1985-1986. The travel
cost model included time valued at the wage rate. The nodel treated the San
Francisco Bay fishery as a single site. The catch per angler averaged over at
nost three trips was used as a measure of fishing quality. But since the
nodel is a single site nodel, this variable is probably picking up the effect
of some personal characteristic that is correlated with fishing success rather
than the exogenous effect of fish abundance on demand. The catch variable was
positive and significant in all regression estinates.

The travel cost model was used to calculate the ordinary consumer
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surplus per trip using the mninum expected | oss procedure of Bockstael and
Strand (1987). The results were sensitive to the nethod of estimation. The
truncated maxi num |ikelihood equation yielded a consuner surplus of $77 per
trip, while OLS resulted in a consuner surplus per trip of $376.°The trave
cost nodel was then used to calculate the increase in consumer surplus per
person per year for a 100 percent increase in catch rate. The results were
$207 per year for the M. nodel, $141 per year for the NLLS nodel and $413 per
year for the OLS nodel. G ven the reported nean nunber of trips per person of
6.2, these estimates inply values per trip of $33.39 to $66.61, depending on
the nethod of estimation.

The paraneters of the travel cost demand function estimted by maxi num
l'i kel'i hood were used to recover the indirect utility function and to conpute
willingness to pay nmeasures to avoid a 50 percent reduction in catch rate and
to obtain a 100 percent increase in catch rate.” These values were conpared
with values obtained fromopen ended contingent valuation questions for the
same postulated changes in catch rate using a payment card. The results were

as follows:?

TC cv

W1 lingness to Pay to $159 $42
Avoid a 50% | oss (EV)

W 1lingness to Pay for 557 52

a 100% gain (CV)

6These results are for the full model, equations (3), (6), and (9) of
Table 3.

’The minimum required compensation for a 50 percent reduction in catch
rate was also computed. But the difference between the EV and CV measures was

quite small,

8These results are based on a truncated sample where observations with
reported catch zero were deleted before the equations were estimated.
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Note that these travel cost measures are different fromthose reported above

because they represent an exact welfare measure

Kahn (1991)

Kahn estinated the econom c value of access to saltwater fishing around
Long Island for those who fish via charter boats and party boats. The data
cane fromintercept and tel ephone surveys conducted in 1985 through 1987
Travel cost demand functions were estinated for both types of fishing trips,
The consumer surplus was reported to be $440 for charter boat fishing and
$1,200 for party boat fishing. These are both per person per year. The
report indicated that only about 20%of all fishing trips are by party boat
and charter boat. So whether these data are representative of all anglers
cannot be determned. The report does not state whether tine was included as

component of travel cost.

Kaoru (1991)

This study presents a further analysis of the data on narine
recreational fishing in North Carolina analyzed by Kaoru and Smith (1990) and
~discussed below.  Kaoru investigated the consequences of applying a nested
random utility mpdel to this data set. The highest |evel decision, Iength of
trip, was assumed to be independent of catch rate and water quality variables
The second decision, region, was assuned to depend on the total | oadings of
nitrogen and phosphorus in the county in which the site was |ocated. The

specific site decision was assuned to depend on both catch rate the neasures
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of biochenical oxygen demand (BOD) and total suspended solids (TSS). These
vari abl es were calculated fromloadings and flows at nunicipal waste water
treatment plants rather than taken from direct measures of water quality. The
opportunity cost of time was valued at the wage rate

Ni trogen | oadings were negative and highly significant while phosphorus
| oadi ngs were positive and marginally significant in explaining the choice a
region. Catch rate was positive and highly significant and TSS was negative
and significant in explaining site choice. BOD was positive but not
significant in this latter equation.

The welfare value of an increase in catch rate of 25 percent and by one
fish were virtually identical, $0.25 per trip. The welfare loss from closing
Al bemarl e Sound was $3.09 per trip. The welfare loss fromclosing the nost

popul ar individual site was $1.97 per trip.

Kaoru and Smith (1990)

In this study, a randomutility nodel was used to anal yze data froma
survey of marine recreational anglers in North Carolina. This is an unusual
study in that it incorporated both catch and water quality variables. The
catch rate was average number of fish per person per hour at each site. One
purpose of this study was to investigate the effects of aggregating sites to
reduce the nunber of choices being nodelled. Three alternative specifications
were utilized, one with 35 separate sites, one where sone sites were
aggregated into a 23 site nmodel, and finally one-where further aggregation
resulted in 11 conposite sites. Two alternative sets of water quality
variables were used. First, estimates of nitrogen and phosphorus | oadi ngs by

coastal county were used to define nitrogen and phosphorus variables for each
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site. Nitrogen was negative and highly significant as expected. But
phosphorus was positive and highly significant. The alternative specification
utilized estinmates of |oadings of biochenical oxygen demand (BOD) and total

suspended solids (TSS) derived from inflow, outflow and treatnent data from

muni ci pal waste water treatnent plants. BCD was usual |y negative but
significant only in the nost disaggregated model. TSS was usually negative
but significant only in the nost aggregated nodel. Catch rate was positive

and highly significant in all but one of the specifications
The nodel was used to cal cul ate wel fare changes for various scenari os.
For a 25% increase in the catch rate, the welfare value was between $7.09 and
$11. 07 depending upon the water quality variables used and the degree of site
aggregation. The one exception to this statement is that for the nost
aggregated nodel when BOD and TSS were enployed as quality variables, the
wel fare value was approximtely $25 per trip. Virtually the same welfare
val ues were obtained for a 25 percent increase in the catch rate at all sites.
The nodel was al so used to value the loss of the nost frequently visited
site or aggregate of sites. For the nost aggregated nodel, the welfare |oss
was $23.90 per trip for the nutrient |oading nodel and $39.11 per trip for the
BOD/ TSS nodel . For two nore di saggregated nodels, the welfare | oss was
between $4.30 and $7.77 per trip. The welfare value for a 64 percent decrease
in both nitrogen and phosphorus | oadings ranged from $3.91 to $6.15 per trip

dependi ng upon the degree of site aggregation.

Leeworth 1990
In this study, Leeworthy estimated the value of the Florida king

mackerel fishery. A pooled travel cost nodel was used with data fromthe
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Marine Recreational Fisheries Statistics Survey to estinmate the denand
function for anglers who target king mackerel. Catch rate variables for king
mackerel, coastal pelagic, and other species were used. Leeworthy
experinmented with both catch rate per trip and catch rate per hour and found
that the latter measure performed better statistically. catch rate per hour
was positive and significant in nmost of the nodel specifications. He valued
the tinme cost of travel at zero.

He found the average consuner surplus per trip to be $56.54 and average
consuner surplus per angler to be $1,376. The nodel was also utilized to
val ue changes in the catch rate for both the east and west coasts of Florida.

The val ues are:

East Coast of Florjda Per Trip Per Angl er
25% i ncrease $ 17.76 $ 738.00
50% i ncrease 121.99 1,341.00
25% decr ease -11.04 -953. 00
50% decr ease -53.83 -2,294.00

West Coast _of Florida

25% increase $ 24.73 $ 464.00
50% i ncrease 44.94 844. 00
25% decrease -31.90 -599. 00
50% decr ease -56. 55 -1, 061. 00

Leeworthy (1991)

Leeworthy estimated a standard travel cost nodel of the demand for

visits to the John Pennekanp Coral Reef State Park and Key Largo Nati onal
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Marine Sanctuary in Florida. The source of the data was a set of on site
interviews of visitors. There was no quality variable. Only consuner surplus
per person per day figures were reported. The interpretation of these figures
is difficult because the summary data indicate substantial variation in the
nunber of days per trip across visitors with a mean nunber of days per trip of
sonething over 2.5. The estimation of a single travel cost demand function
when the duration of the visit varies across individuals is problenatic.

Various consumer surplus figures were reported for different functiona
fornms, treatnents of the opportunity cost of time, and treatments of sources
of regression error in calculating consuner surplus (Bockstael and Strand,
1987).  Consurer surplus per person per day ranged from $223 to$886 for the

linear functional form and from $637 to $3448 for the semi-log form

Leeworthy and Wley (1991)

The authors estimated is a standard travel cost nodel of the demand for
visits to Island Beach State Park on the New Jersey coast. The source of the
data was a set of on site interviews of visitors. There was no quality
variable. Only consunmer surplus per person per day figures were reported
Virtually all visits were for one day or less. Various consumer surplus
figures were reported for different functional forns, treatnents of the
opportunity cost of time, and treatnents of sources of regression error in
cal cul ating consumer surplus (Bockstael and Strand, 1987). Consuner surplus
per person per day ranged from $24.74 to $30.67 for the linear functional form

and from $17.76 to $26.88 for the sem-log form
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Loomi s (1988

In this study, a nulti-site travel cost nodel was used to estinate the
mar gi nal val ues per fish caught for both fresh water and ocean sal non fishing
and fresh water steelhead fishing in Oregon and Washington. The travel cost
data were gathered in 1977. The time cost of travel was valued at one-third
the wage rate. The quality variables were total catches of the relevant
species at the sites being nodeled. These variables were all positive and
significant in the regression equations.

The marginal values per fish depended upon the site and the species
Mar gi nal val ues per fish for steel head (which are all caught in freshwater)
ranged from $30. 13 to $134. 93. Sal mon caught in freshwater ranged in val ue
from about $9.80 to $23.38, depending on the river. The values of salnon
caught in the ocean ranged from about $28 to $85, depending on the port of

access.

McConnell (1979)

McConnel | estimated consunmer surplus per person per year for fishing for
winter flounder in Rhode Island. He estinmated both a household production
function nodel and travel cost nodel. The data canme froma survey of
recreational anglers in Rhode Island.

In the househol d function model, purchased inputs are conbined to
produce both fishing days and nunmber of fish caught. The biol ogi cal abundance
of fish was an argunent in the production function for catch. Al though
abundance was not observed, catch was; and the nodel permits the calculation

of consuner surplus from the fishing activity. The annual consumer surplus
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for the average angler was $1,159.°
The travel cost nodel did not include prices of substitute sites. The
treatment of tinme in the calculation of travel cost is not specified. The
consuner surplus per angler is $524. Al though catch rate entered positively
in the travel cost demand function, it was not statistically significant.

Therefore, the author did not attenpt to value changes in catch rate

M Connel | (1986)

In this study, MConnell estinmated the inpact of polychlorinated
bi phenyl (PCB) pollution on the economc value of three urban beaches on New
Bedf ord Harbor. The nethod was a standard travel cost model utilizing
hypot heti cal data on numbers of visits obtained froma tel ephone survey of
households in the New Bedford Area. Households were asked how many visits
they planned to make to beaches on the harbor during the com ng year (1986).
Also, if they indicated awareness of the present pollution of harbor sedinents
with PCBs, they were asked how many visits they would make if harbor sedinments
were cleaned up. Since two of the beaches were close to each other and
consi dered very close substitutes, they were treated as one unit: East-West
Beach. The estimated visit demand functions take account of the substitute
rel ationship between the two beaches. The major question about this study is
the validity of responses to hypothetical activity questions.

The results were as follows:

Danage per househol d Aggregat e
aware of PCBS per year danage per year

SThe date of the survey was not reported. I have assumed that the data
were “or 1977 and converted them accordingly to 1991 dollars.
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East - West  Beach $3. 57 $144, 000

Fort Phoeni x $4. 10 $165, 000

MConnell. et. al. (1992)

This study has three conponents. The first is an analysis of to
responses to a referendum CV question about willingness to conpensation for a
loss in access to saltwater recreational fin fishing in the state in which the
intercept interview took place. The second conponent consists of a direct
referendum wi I l'i ngness to pay question asked of those anglers who took an
overnight trip for fishing. Analyses were conducted for each state from New
York to East Coast of Florida. The third conponent is an application of the
randomutility nodel to the data collected fromthe intercept and tel ephone
surveys. Since the results of the latter two conmponents are |abelled as
prelimnary and not for citation, only the results of the referendum CV
question are reported here.

Responses to the referendum question were di saggregated by species group
targeted by the respondent: big gane, snall gane, bottomfish, flat fish, and
other. Quality variables were an individual's catch rate or success rate
But a unique feature of this study is that the individual catch rates were not
taken fromdirect observation but were nodel ed as the outcome of a random
process dependi ng upon both individual characteristics and sone neasure of
abundance, for exanple, aggregate catch rate. The catch rate variables were
correctly signed and significant.

Average willingness to sell the right of access to fishing in the state



A- 24

during a two month period varied across states and by season. For the sumrer
months (July and August) values were in the range of $250 to $450 per angler.
For the winter nonths (January and February) values were nuch | ower,
especially in the north. An exception to this is New York where the access
value was $90, reflecting the value of the winter flounder fishery. The
average across all states was $104 reflecting the higher values for South
Atlantic states, especially Florida. Access values for a twelve nmonth period
range from a high of $872 per angler for New York to $755 in North Carolina.

These equations were also used to calculate the value per angler per
year for a one fish per day increase in average catch rate, by species group
and by state. The highest value was for big game fish in Florida ($950).
O her high values for big game were found in North Carolina, Virginia, and
Maryland, all in the range of $154-179. Anglers placed a relatively high
val ue on increasing catch of small game fish in Georgia ($1.96); but nore than
hal f of the states had values of less than $1.00. The values for increased
catch of bottomfish ranged from $0.19 to $0.62 per angler, except in Ceorgia
and Florida where they were less than 3 cents per angler. Flat fish were
relatively highly valued. The highest value for increasing catch was in New
York where the value was $0.96 per angler. Most states were in the range of

$0.40 to $0.60 per angler.

Mlon (1988a)

In this study, MIlon used a nested multinom nal |ogit nodel to estimte
the value of adding a new artificial reef fishing site to the coastal water
off Dade County Florida. The data came froma 1985 survey of Dade County boat

owners who used their boats for recreational fishing. The quality variable
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was mean catch in pounds per hour by site at the seven existing artificial
reefs sites. Catch was positive and significant in the regression equation.
Dependi ng upon the location of the hypothetical new site, the annual
val ue per angler ranged from approximately $2.00 to $2.30. These values are
the average across all anglers in the sanple, not all of whomwould fish at an

artificial reef site.

Mlon (1988b)

In this study, MIlon used the same data as Mlon (1988a) to experiment
with alternative nodel specifications. The nodels estinmated included single
site nodels both with and without substitute site prices, a pooled site nodel
estimated by both ordinary |east squares and by Tobit, and a rultinom nal
logit nodel that allocated the total nunber of trips to artificial reefs anong
the seven sites. The catch variable was positive in all nodels and highly
significant in all except the RUM equation.

The wel fare neasures derived for adding a reef are not conparable to
those given in Mlon (1988a) since each of the alternative nmbdel s uses data
only from anglers actually fishing at |east at one of the artificial reef
sites. Mean annual values for artificial reef anglers were:

Single site with substitute prices

(seemingly unrelated regression nodel) $23.85/angl ers/yr

Pool ed site (Tobit) $25. 92/ angl ers/ yr

Mul tinomi nal |ogit $7.81/ angl ers/yr.
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Milon (1988¢)
In this study, Milon applied both a pooled travel cost model an
random utility model to value changes in average catch and in the bag limit

for the king mackerel fishery alon e Gulf Coast. The data came from the

the king k 1ery !
Marine Recreation Fisheries Statistics Survey of 1986. The data were for

individuals who are targeting king mackerel. Several alternative "catch" and
"keep"” quality variables were e
number of king mackerel kept per angler. The quality variables were positive
and si

Values were reported for travel cost equations based on both a time cost

of the minimum wage rate and a time cost of zero. Only the former are

reported here. The results can be summarized as follows
Pool ed Travel Cost Per Trip Per Angl er
Plus 25% in catch $3. 00 $ 84.07
1 fish bag limt -$5. 33 -$149. 46
RUM Per Trip Per _Anal er

Plus 25% in Catch

Sout hwest Florida $27. 80 $771.55
Nort hwest Fl ori da 8.95 250.75
Al abama and M ssi ssi ppi 16. 53 462. 93
Loui si ana 0. 69 19. 29

Average - 4 sites $13. 43 376.13
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M nus 25% in Catch

Sout hwest Fl ori da -$13.09 - $366. 44
Nort hwest Fl ori da 0 0

Al abama and M ssi ssi ppi -11.02 -308.51
Loui si ana -0.21 -5.79
Average - 4 sites -5.20 -170. 23

One Fish Bag Limt

Sout hwest Fl ori da -$15. 83 -$443. 65
Nor t hwest Fl ori da 0 0
Al abama and M ssi ssi ppi -6.20 -173.60
Loui si ana 0 0
Average - 4 sites -5.51 -154. 31

The val ues fromthe pooled travel cost nodel are conparable to those fromthe
random utility nodel, especially for the one fish per angler bag linit. The
results fromthe randomutility nodel show a high degree of variation across
the four geographic areas included in the analysis. Losses for reduction in
catch rate in bag limt are sonetimes zero. This is because of those areas

already have low catch rates and catch rates below the one fish bag limt.

Mlon (1991)

Ml on used data on anglers targeting king nackerel in the Qulf of Mexico
during 1986 fromthe Marine Recreational Fishing Statistics Survey to estimte
a pooled travel cost nodel. Mlon enployed two alternative specifications to

reflect quality. In the first, a total catch variable was included. It was
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positive and significant in the travel cost demand equation. !N the second
specification, separate measures of kept catch and released catch were used
Both neasures were positive and significant; and the second specification
provided a better fit to the data.
Mlon also estimated the increase in annual consuner surplus per angler
for a 25 percent change ip each of the catch rate nmeasure enployed in this

analysis. The results are summarized as follows:

25% I ncrease
Total Catch Rate $ 85
Kept Catch Rate $ 61
Rel ease Catch Rate $ 99

Both Kept and Rel eased Rate  $158

Mlon (1993)

In this study, Mlon replicated the results of his earlier pooled site
travel cost model of the king mackerel fishery (Mlon 1988c). Travel cost

equations were estimated utilizing both 1990 and 1991 data fromthe Marine

Recreational Fisheries Statistics Survey. |n contrast to the earlier study,
catch rate variables showed ". . . little consistency and were generally not
statistically significant in either year (p. 3-2).” |n the discussion of this

unusual finding, Mlon notes that both the catch rates and the percentage of

survey respondents targetting king mackerel have increased since the year of

the earlier data. Ml on suggests that the catch rate may have a greater
effect on the decision to target this species rather than on the nunber of

trips taken by those who have chosen totarget the species. 'L would be a

nore appropriate to nodel separately the decision to target a species and the
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choice of the nunber of trips. The nested RUM nodel would be appropriate.

There were no estimates of the economic value presented in this report.

Mlon et al. (1993)

In this study, a contingent valuation questionnaire was adm nistered by
mail to a sanple of Florida residents who had been identified in the 1991-92
Marine Recreational Fishing Statistics Survey as having fished in the prior
two months.  Subsanples were asked questions about the willingness to pay for
various conbinations of changes in bag linits, changes in average catch, and
changes in size linits for one of six species. The payment vehicle was
special license stanp. Results were sunmarized in terms of an average annua
val ue for the specified managenent change and the average val ue per fish based
on the expected change in the nunber of fish and the assunption that the

i ndi vi dual makes one trip per year. The results are summarized as follows:

Speci es and Average Annual Val ue Aver age
Val uation Scenario for Management Change Value per Fish
REDFI SH
Bag Limt
from1l to 2 $1.94 $1.94
froml to 3 2.87 1. 44
Average Catch
from2 to 3 2.15 2.15
from2 to 4 2.42 1.21
Size Limt
from none to one over 27" 1.50 -
from none to two over 27" 2.60 -
SEATROUT
Bag Limt
from10 to 15 1.36 0. 27
from10 to 20 1.16 0.12
Average Catch
from3 to 5 1.74 0. 87
from3 to 7 1. 67 0.42
Size Limit
from none to one over 24" 1.35 -

fromnone to two over 24" 1.36 -
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MULLET
a mit

from 50 to 75 0. 66 0.03

from 50 to 100 0. 67 0.01
SHEEPSHEAD

Bag Limit

from none to 10 1.01 0.20

from none to 5 1.01 0.10
POMPANO

Bag Limit

from none to 4 1.44 0.11

from none to 2 0. 65 0.29
KING MACKEREL

Bag Limit

from 2 to 5 2.05 0. 68

from 2 to 10 2.33 0.29

Aver age Catch

from1l to 2 every 3rd trip 1.99 5.97

from1 every 3rd trip to 1.85 2.78

1 every trip

Morev, Rowe, and Watson (1993)

The authors utilized a randomutility model to estimate the value of the
Atlantic salnmon fishery on the Penobscot River and changes in value wth
postul ated changes in catch rates. The data came froma mail and tel ephone
survey of Miine Atlantic salnon |icense holders conducted in 1988. Trave
cost included travel tinme valued at 1/3 of the individual’'s annual househol d
incone divided by hours worked. Seven other rivers or groupings of rivers
were included in the choice set. The catch rate variable was the average
catch per trip. Nonparticipation was one of the alternatives in the choice
set. The catch rate variable was positive and significant.

The authors reported per year CV neasures for doubling the catch in the
Penobscot River, halving the catch rate in the Penobscot River, and
elininating the Penobscot River salnon fishery. The EV neasures were reported

to be very simlar to the Cvs. Since the distribution of individua
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willingness to pay values was highly skewed, | report both mean and nedian

val ues. The val ues are:

Mean CV Median CV
Doubl e catch $588 $458
50 % reduction in catch -320 -219
Elimnate fishing -932 -572

haw,__and R 1991

In this study, a discrete choice, randomutility nodel of marine sports
fishing in Oregon was estimated. The nmodel utilized data fromthe 1981 Marine
Recreational Fishery Statistics Survey to estimated the CV associated with
closing fishing in certain counties and the CV associated W th all species in
a county (Clatsop) and the CV associated with eliminating salmon fishing in
that county. The quality variable in the discrete choice model variables were
catch rates for salnon and for four other species. These are average catch
rates for each county. The coefficient on salmon and two Of the other species
were positive.

The val ue measures conputed are the CVs for representative residents in
each of eight counties in Oregon for the |oss Of either shore fishing, boat
fishing, or all fishing in Oatsop County, Welfare nmeasures were also
calculated for preventing the elimnation of salnon only in Oatsop County and
for an increase of one fish per trip for salnon. Some representative val ues

in dollars per person per year are shown bel ow

Resi dents of:
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CVv for Elininating: Clatsop Multnomah!® Deschutes!!
All shore fishing in atsop Cy. -$167.00 -$ 91.00 -$ 20.00
Al boat fishing in Clatsop Cy. -91.00 -50. 00 -11.00
Al fishing in Clatsop Cy. -263. 00 -142. 00 -32.00
Al salnmon fishing in Catsop Cy. -2.52 -2.28 -0.51

CV for increasing salmon catch
by one per trip 0.98 0.87 0.20

The low values for salnon relative to all fishing are puzzling.

Norton. Smith. and Strand (1983)

This is a study of the Atlantic Coast striped bass fishery. The method
enpl oyed by the authors was the travel cost nodel. However, details of the
nodel and results were not reported. The data cane fromthe Marine
Recreational Fisheries Statistics Survey of 1979 and additional survey work
conducted by the study team The travel cost nodel included a catch rate per
trip variable. Both consumer surplus per trip and marginal willingness to pay
for one additional fish caught per trip were conputed for four Atlantic

Coastal regions. The results

are: Marginal WIlingness to
Consuner Surplus pay for Increase in Catch
per trip per trip
New Engl and $142 $20. 84
Md Atlantic 279 12. 28
Chesapeake 64 8.75
South Atlantic 146 2.21

The marginal willingness to pay for an increase in catch for New Engl and

10The city of Portland is located in Multnomah County.

lipeschutes County is in the central part of the state.
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i ncludes an adjustnent to reflect the market value of fish sold by
recreational anglers. This is because the survey indicates that about 60
percent of the fish caught by recreational anglers in New England are actually
sold. The authors also report total number of trips and total value per year

by state.

Rowe, et al. (1985)

The authors utilized a randomutility nodel to anal yze date fromthe
National Marine Recreational Fisheries Statistics Survey of 1981. Sites were
counties on the Pacific Coast, except for Southern California where sone
counties were aggregated into "macro sites.” Travel cost included a neasure
of the opportunity cost of time. Species were aggregated into groups. And
trips were distinguished by node (beaches and banks, man-made structures
party and charter boats, and private and rental boats). The quality variables
were average catches per trip by species group for each site. The catch rate
for salnon was positive and significant. The results for catch rates of other
species were nmixed, W th sone being negative

The authors reported per trip welfare |losses for elimnating shore
fishing, boat fishing, or all fishing at each site along the coast. Losses
were nostly in the range of $0 to $10 per trip with some sites being higher
The authors also reported the value per trip for a one fish increase in catch
rate for several species. Salnmon were the nost highly valued species. The
values varied by site. For California, the value at the nedian site was $8.20
per trip. For Oegon and Washington, the values were $16.68 and $19.58 per
trip for a one fish increase in the salnmon catch rate. The values for other

species were in the range of $1 to $4 per trip. The per trip welfare loss for
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the elinination of all salmn fishing in the state were:
California  $2.43 per trip
Oregon $6.00 per trip

Washi ngton  $4.44 per trinp.

. : WL

The contingent valuation study reported in Silverman and Kl ock (1988)
al so included questions on existence value for a beach nourishment program on
a 12 nile stretch of northern New Jersey beaches. Present beach users were
asked if they would use the beach in the future if it were inproved and what
woul d be their willingness to pay a one-time contribution to support beach
nouri shnment because “it may worth something to you sinply knowi ng nore people
will be able to use the beach or because you believe nore beaches are good for
your comunity (p. 227)." A simlar question was asked of a sanple of
northern New Jersey residents in a telephone survey. Sanple nean willingness
to pay were in the range of $10 to $20 with those respondents anticipating
future use having a higher nean willingness to pay than those who did not

expect to use the beaches in the future.

Silberman and Kl ock

The authors conducted a contingent valuation study to estimate the val ue
of a beach nourishnment programthat would result in wider beaches. The study
area was a 12 nmile segnent of ocean beach in northern New Jersey. One sanple
of beach users interviewed at the beach was asked their nmaxinum willingness to
pay for a daily pass for that beach. The sanple mean willingness to pay was

$4.57.  Another sanple was shown pictures of and given descriptions of the
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results of beach nourishnment prograns. They were then asked about their
willingness to pay in the formof a daily beach use pass to visit the inproved
beaches. The sanple nmean willingness to pay for this group was $4.95.

The wording of the willingness to pay question may have encouraged an
anchoring effect on the typical price of a one day beach pass. Also, the
question format was bidding game. Each respondent was given one of three
possible starting points. The authors report a significant starting point

effect in the statistical analysis of their data.

Smith, Palnmguist, and Jakus (1991)

The authors used the data set devel oped by Kaoru and Smith (1990) to
estimate a hedonic travel cost nmpbdel using their adaptation of the Farrell
best practice frontier technique. In this nodel, the marginal inplicit travel
cost or price of an attribute such as catch rate is estimated fromthe
additional travel cost that nmust be incurred to visit higher quality sites.
The Farrell best practice approach infers these marginal inplicit prices by
utilizing only those data points for which nore costly sites offer higher
quality .

After estinmating the hedonic travel cost function, the authors estimated
the inverse demand or narginal wllingness to pay function for inprovements in
catch rate. As predicted by theory, they found that this marginal inplicit

price was a positive but decreasing function of catch rate, other things

constant. They al so calculated the welfare gain for a postulated increase in
average catch of one fish per hour (about 61%. The welfare neasures are:
Bank Anglers
Tine at Time at 1/3 Time at Time at 1/3

Wage Rate the Wage Rate Wige Rate the Wage Rate
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$1.24 $1.28 $1.11 $0.70

Vaughan, et al. (1985)

In this study, the authors used a recreation participation nodel to
estimate probabilities of participation and rates of participation in marine
fishing, swinmng, and boating for the United States. The data were from the
1975 National Survey of Hunting, Fishing, and WIldlife Associated Recreation.
This study also included an effort to estinate the probability of owning a
boat and the rate of utilization of the boat based on the Nati onw de Boating
Surveys conducted by the U S. Coast Quard

For marine fishing, the probability of participation and |evel of
participation given that one is a participant were estimted as functions of
the availability of unpolluted shoreline as measured by distance fromthe
respondent’s residence. Increases in availability of shoreline as a
consequence of full inplenmentation of the Cean Water Act effluent standards
were derived fromresponses to a questionnaire sent to officials within the
rel evant state agencies. A nunber of nodel specifications and estination
procedures were used. Increases in participation were valued using unit day
val ues from Charbonneau and Hay (1978). These values were approximtely $30
per day for inshore saltwater fishing and approximately $100 per day for
offshore saltwater fishing. Benefits for inmproving both Geat Lakes and
marine water quality together ranged fromjust under $3 nillion per year to
about $582 million per year. But alnost all of this was attributable to
improvenents in water quality in the Geat Lakes

Benefits associated with marine fishing were only of the order of $2-3

mllion per year and this anpbunted to only pennies per fishing day based on
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the pre-policy rates of participation. Wen simlar nodels were applied to
data on participation in saltwater sw mming and boating, coefficients on
availability variables were often insignificant and/or negative. Estimates of
total benefits were negative more often than positive. The authors attribute
these problens to the unreliability of the underlying water quality and
availability data

An al ternative approach to estimating boating benefits took ownership of
a boat as a proxy for being a participant. This approach utilized data from
the U S. Coast Guard survey nentioned above. Total benefits due to increased
ownership, rentership, and intensity of use ranged from$76 nillion to $470
mllion per year depending upon the nodel specification. But again, the bulk
of these benefits were due to the inprovenents in the Great Lakes. Estimates

of the benefits due to inprovement in marine water quality were quite small.

Ve rson, an nemann (1988

The authors enpl oyed a nested randomutility nodel utilizing data on
recreational fishing activities for South Central Al aska to estimte
probabilities and val ues of summer freshwater and saltwater fishing by species
and site for residents of Al aska. Separate equations were estinmated for each
week of the season with individual choice being nodel ed as a sequence of
whether to fish, then given a decision to fish, the nunber of trips, species,
and site.

The authors calculated the loss in welfare for closing one site (the
Kenai River) for king salnon fishing for the last week in July. The welfare
loss is estimated at $598,000. The authors also reported aggregate net

willingness to pay and willingness to pay per choice occasion (that is, per
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trip taken to any site) by site and species group. It is possible to
calculate the willingness to pay per trip for only one site/species
conbination from the data reported. The value per trip for king sal non
fishing at the Deep Creek-Marine site is $48.50. The authors reported
wi | lingnesses to pay per choice occasion for a nunber of other specific site
and species conbinations. These data show that the nost valued sal twater

species are halibut and king sal non.

Wegoe, Hanemann, and Strand (1986)

This study reports the results of analyzing a nail survey of a sanple of
subscribers to a magazi ne about sports fishing in Southern California. The
survey obtained data on angling activity in 1983. The authors reported annua
and per trip consuner surpluses fromtw different travel cost demand nobdel s.
One was a sinple travel cost nodel with travel cost (not including tinme) as
the only independent variable. This nodel was estimated because income was
not significant when it was included and efforts to include sone neasure of
time cost of travel were unsuccessful. In this model, total fish catch was
positive and significant in all but the charter boat for one day or |ess
equati ons.

The wel fare neasures derived fromthis nodel were as foll ows:

Consuner Surplus Per Year
Boat Omers ~ ~ Non Owners

Charter Boat

Day trip $ 114 $248



G eater than 1 day

Private Boat

Shor e
Charter Boat
Day trip

Geater than 1 day
Private Boat

Shor e

In a second anal ysis,

probability of participating in different
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260 318
1,169 956
334 608
Consurer Surplus Per Trip
Boat Owners Non Owners
$ 30 $67
70 86
101 84
47 85
logit equations were used to estimate the

Then, travel cost

nodes of fishing.

equations were estimted using the wage rate as the opportunity cost of tine

for respondents indicating the ability to trade off noney for time. The

travel cost

equations included nunber

This variabl e

of fish caught per trip.

was generally positive but was significant in only two out of eight equations.

The cal culated wel fare neasures are:

Charter Boat

Day trip

Consurer Surplus Per Year
Boat Oaners Non Owners
$ 463 $ 936
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Geater than 1 day 1, 855 2,954
Private Boat 4,261 *
Shore 1, 697 *

* - Travel cost variable not significant.

Consurer Surplus Per Trip

Boat Oaners Non Oaners

Charter Boat
Day trip $125 $253
Geater than 1 day 501 799
Private Boat 373 ¥
Shore 237 '

* - Travel cost variable not significant

Finally, respondents were asked, “If the cost of a trip (in a specific
nmode) were increased by $10 per trip, would you stop taking (node) trips al
together?” If the response was no, five additional questions were asked for
hi gher values. Sonme respondents indicated no for all postulated values. A
sinple heuristic was used to estimate a Marshal lian demand curve and consuner

surplus per trip. The results are:

Consurer Surplus Per Trip

Mean Medi a

Party/ Charter Boat $79 $31

Rent al Boat 24 21



Shor e

Private Boat

16

73
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10

41



REFERENCES

Agnel l o, Richard. 1989. “The Econonmic Value of Fishing Success: An

Application of Socioeconomc Survey Data," Eishery Bulletin vol. 87, no.

1, pp. 223-232.

Agnel l o, Richard, and Yungi Han. 1992. “Substitution Effects within a

Miltiple Site Travel Cost Mddel with Application to Recreational
Fishing,” presented at the Eastern Economics Association Meetings, March

1992.

Arndorfer, David J., and Nancy E. Bockstael. no date. [Estimating the Effects

Bel |,

Bel |,

Bel |,

Bel I,

of King Mackerel Bag Linmits on Charter Boat Captains and Anglers, report

to National Marine Fisheries Service.

Frederick W 1989a. Application of Wetland Valuation Theory to Florida

Fisheries, Florida Sea Gant Report 95 (Tallahassee, Florida, Florida

Sea Grant College).

Frederick W, and E Ray Canterbury. 1975. An Assessnent of the

Econonmic Benefits Wiich Wil Accrue to Commercial and Recreational

| sher| [ I . I Li E I

Tal | ahassee, Florida, Florida State University).

Frederick W, and Vernon R Leeworthy. 1990. “Recreational Demand by
Tourists for Saltwater Beach Days," Journal of Environnental Econonics
and Management vol. 18, no. 3, pp. 189-205.

Frederick W, Philip E. Sorensen, and Vernon R Leeworthy. 1982. The
Econonic lnpact and Valuation of Salt Wiater Recreational Fisheries in
Elorida, Florida Sea Grant Report 49 (Tallahassee, Florida, Florida Sea

G ant College).

Bergland, Qvar, and WIlliam G Brown. 1988. “Miltiple Site Travel-cost



R-2
Mbdel s and Consuner Surplus: Valuation of Oregon Sport-caught Sal non,”
presented at the AERE Workshop on Marine and Sports Fisheries: Economc
Val uati on and Managenment, June 1988.

Bockstael, Nancy E., W Mchael Hanenmann, and Catherine L. Kling. 1987.
“Estimating the Value of Water Quality Inprovenents in a Recreational
Demand Framework,” Water Resources Research vol. 23, no. 5, pp. 951-960.

Bockstael, Nancy E., Kenneth E. MConnell, and Ivar E. Strand. 1989a.
“Measuring the Benefits of Inprovenents in Water Quality: The

n

Chesapeake Bay," Marine Resource Economics vol. 6, no. 1, pp. 1-18.
Bockstael, Nancy E., Kenneth E. MConnell, and lvar E Strand. 1989b. “A
Random Utility Mdel for Sportsfishing: Some Prelimnary Results for
Florida,” Murine Resource Economcs vol. 6, no. 4, pp. 245-260.
Bockstael, Nancy E., Kenneth E. MConnell, and Ivar E. Strand. 1991.
“Recreation," in John B. Braden and Charles D. Kolstad, eds. , Measuring
the Demand for Environmental Quality (Ansterdam North-Holland).
Bockstael, Nancy E., and lvar E. Strand. 1987. “The Effect of Commpn Sources

of Regression Error on Benefit Estimates,” Land Economics vol. 63, no.

1, pp. 11-20.

Cameron, Trudy Am  1988a. “A New Paradigm for Valuing Non-Mrket Goods
Usi ng Referendum Data: Maxinum Likelihood Estimation by Censored
Logi stic Regression,” Journal of Environnental Econonics and Managenent
vol. 15, no. 3, pp. 355-379.

Canmeron, Trudy Ann. 1988b “The Determinants of Value for a Marine Estuarine
Sportfishery: The Effects of Water Quality in Texas Bays,” presented at
t he AERE Workshop on Marine and Sports Fisheries: Economc Valuation and
Managenent, June 1988.

Caneron, Trudy Ann. 1989a. “Combi ni ng Conti ngent \(aI uation and Travel Cost



R-3
Data for the Valuation of Non-Mrket Goods,” unpublished, University of
California, Los Angeles.

Cameron, Trudy Ann. 1989b. “The Effects of Variations in Game Fish Abundance
on Texas Recreational Fishing Demand: Welfare Estimates,” unpublished,
University of California, Los Angeles.

Cameron, Trudy Ann. 1992. “Conbi ning Contingent Valuation and Travel Cost
Data for the Valuati on of Non-Market Goods,” Land Econonics vol. 68,
no. 3, pp. 302-318.

Caneron, Trudy Ann and Mchelle D. Janes. 1987. “Efficient Estimation
Met hods for “C ose-ended” Contingent Valuation Surveys,” Review of
Econonics and Statistics vol. 69, no. 2, pp. 269-276,

Richard T. Carson. 1991 "Constructed Markets,” in John B. Braden and

Charles D. Kolstad, eds., Measuring the Demand for Environmental Qualitv

(Amsterdam  Nort h-Hol | and).

Charbonneau, John, and Mchael J. Hay. 1978. “Determinants and Econonic
Val ues of Hunting and Fishing,” A paper presented at the 43rd North
American Wldlife and Natural Resources Conference, Phoenix, AZ.

Col e, John N. 1978. Striper: A Storv of Fish and Man (Boston, Atlantic

Monthly Press).

Feenberg, Daniel, and Edwin S. MIls. 1980. Measuring the Benefits of Water

Pollution Abatenent (New York, Academ c Press).

Freeman, A Mrick III. 1982. Air and Water Pollution Control: A Benefit-

Cost Assessnment (New York, John Wley).

Freeman, A Mrick I1l1. 1993a. “Non Use Values in Natural Resource Damage
Assessnent," in Raynond J. Kopp and V. Kerry Smith, eds. , \Maluing
Natural Assets: The Econonmics of Natural Resource Danmage Assessnent

(Washington, DC, Resources for the Future).



R-4
Freeman, A Mrick II1. 1993b. The Measurenent of Environnental and Resource

Val ues: Theory and Methods (Washington, DC, Resources for the Future).

Hageman, Ronda K.  1986.  “Economic Valuation of Marine WIldlife: Does
Exi stence Value Exist?” Paper presented at the Association of
Environnental and Resource Econonists Workshop on Marine Pollution and
Environnental Danmge Assessment, Narragansett, R, June 5-6.

Hof, John G, and David A King. 1992. “Recreational Demand by Tourists for
Sal twater Beach Days: Comment,” Journal of Environnental Economics and

Managenent vol. 22, no. 3, pp. 281-291.

Huppert, Daniel D. 1989. “Measuring the Value of Fish to Anglers:
Application to Central California Anadronous Species,” Mirine Resource

Economics vol. 6, no. 1, pp. 89-107.

Kahn, James R 1991. "The Economic Value of Long Island Saltwater

Recreational Fishing,” New York Economic Review Spring, pp. 3-23.

Kaoru, Yoshi aki, 1991. “Valuing Marine Recreation by the Nested Random
Uility Mdel: Functional Structure, Party Conposition and
Heterogeneity,” wunpublished, Wods Hole Cceanographic Institution.

Kaoru, Yoshiaki, and V. Kerry Smth. 1990. *“’Black Myonnaise’ and Mrine
Recreation: Methodol ogical Issues in Valuing a C eanup,” RFF discussion
paper QE91-02 (Washington, DC, Resources for the Future).

Kling, Catherine L. 1988. “The Reliability of Estimates of Benefits from
Recreation Demand Mvdels,” Anerican Journal of Agricultural Economics
vol. 70, no. 4, pp. 892-901.

Leeworthy, Vernon R 1990. An Economic Allocation of Fisheries Stocks

Mackerel, a Ph.D. dissertation (Tallahassee, Florida, Florida State



University).

Leeworthy, Vernon R 1991. "Recreational Use Value for John Pennekanp Coral
Reef State Park and Key Largo National Marine Sanctuary,” unpublished,
Nati onal Cceanic and Atnospheric Admnistration.

Leeworthy, Vernon R and Peter C. Wley. 1991. “Recreational Use Value for
I'sland Beach State Park,” unpublished, National Cceanic and Atnospheric
Admi ni stration.

Loomi s, John D. 1988. “The Bi oecononic Effects of Tinber Harvesting on
Recreational and Conmercial Salmon and Steel Head Fishing: A Case Study
of the Siuslaw National Forest,” Marine Resource Economics vol. 5, no.
1, pp. 43-60.

McConnel |, Kenneth E. 1977 . *“Congestion and WIlingness to Pay: A Study of
Beach Use,” Land Economics vol. 53, no. 2, pp. 185-195.

McConnel |, Kenneth E. 1979. “Val ues of Marine Recreational Fishing:

Measur enent and the |npact of Managenent,” Anerican Journal of
Agricultural Econonics vol. 61, no. 5 pp. 921-925.

McConnel |, Kenneth E. 1985, “The Economics of Qutdoor Recreation,” in Allen
V. Kneese and James L. Sweeney, eds., Handbook of Natural Resource and
Energy Economics vol. 1 (Ansterdam North-Holland) .

McConnel |, Kenneth E. 1986. “The Danmages to Recreational Activities from
PCBs in New Bedford Harbor,” prepared for the National Cceanic and
At nospheric Admi nistration.

McConnel I, Kenneth E., lvar E Strand, S. Valdes, and Q R A \énninger.
1992. The Economic Value of Md and South Atlantic Sportfishing (draft)
(Coll ege Park; MD, University of Maryland).

Mlon, J. Walter. 1988a. "A Nested Demand Shares Mddel of Artificial Mrine



M | on,

M | on,

M | on,

M | on,

M | on,

R-6
Habi t at Choice by Sport Anglers,” Marine Resource Econonmics vol. 5, pp.
191- 213.
J. Walter. 1988b. “Travel Cost Methods for Estimating the
Recreational Use Benefits of Artificial Marine Habitat,” Southern
Journal of Agricultural Economics pp. 87-101.

J. Walter. 1988c. Estimating Recreational Angler Participation and

Econaghic lnpact in the Gulf of Mxico Mackerel Fishery, Gainesville,

Florida, University of Florida.

J. Walter. 1991. “Measuring the Economi ¢ Value of Anglers’ Kept and
Rel eased Catches,” North Anerican Journal of Fisheries Managenent

vol. 11, pp. 185-189.

J. Walter. 1993, A Study of Recreational Demand for Gulf of Mexico

Goup King Mackerel Using 1990 and 1991 MRFSS Data, final report

prepared for the Gulf of Mexico Fishery Management Council, Food and

Resource Economics Department, University of Florida, Gainesville, FL.
J. Walter, Eric M Thunberg, Charles M Adanms, and C. T. Jordan Lin.

1993. Recreational Anaglers’ Valuation of Near-Shore Marine Fisheries in

Florida, report prepared for the Florida Marine Fisheries Comm ssion,

Food and Resource Economics Department, University of Florida,

Gainesville, FL.

Mtchell, Robert C., and R chard T. Carson. 1989. Using Surveys to Value

Mor ey,

Public Goods: The Contingent Valuation Method (Washington, DC, Resources

for the Future).

Edward R, Robert D. Rowe, and M \Watson. 1993. “A Repeated Nested-
Logit Mddel of Atlantic Salnmon Fishing,” American Journal of

Agricultural Economics vol. 75, no. 3, pp 578-592.



R-7
Mrey, Edward R, W Douglass, Shaw, and Robert D. Rowe. 1991. “A Discrete-
Choi ce Model of Recreational Participation, Site Choice, and Activity
Val uation When Conplete Trip Data are Not Available,” Jlournal of

Environnmental Economics and Managenment vd . 20, no. 2, pp. 181-201.
Norton, Virgil, Terry Smith, and Ivar Strand. 1983. Stripers: The Econonic

Value of the Atlantic Coast Commercial and Recreational Striped Bass

Fisheries (College Park, M, University of Mryland Sea Grant Progranm.

Rowe, Robert D., et al. 1985, Valuing Mirine Recreation Fishing on the
Pacific Coast (Boulder, CO Energy and Resource Consultants).

Sanples, Karl C., John A Dixon, and Marsha M Gowen. 1986.  “Information
Di scl osure and Endangered Species Valuation,” Land Fcononics vol. 62,
no. 3, pp. 306-312.

Shaw, W Douglass. 1991. “Recreational Demand by Tourists for Saltwater
Beach Days: Comment,” Journal of FEnvironmental Economics and Managenent
vol. 20, no. 3, pp. 284-289.

Si | berman, Jonathan, Daniel A Gerlowski, and Nancy A Wllianms. 1992
“Estimating Existence Value for Users and Non-Users of New Jersey
Beaches,” Land Economics vol. 68, no. 2, pp. 225-236.

Si | berman, Jonathan, and Mark Kl ock. 1988. “The Recreation Benefits of Beach
Renourishment," (cean and Shoreline Management vol. 11, pp. 73-90.

Smth, V. Kerry, and Yoshiaki Kaoru. 1990. “Signals or Noise? Explaining

the Variation in Recreation Benefit Estinates,” Anerican Journal of

Agricultural Economics vol. 72, no. 2, pp. 419-433.

Smith, V. Kerry, Raynond B. Palnmguist, and Paul Jakus. 1991.  “Conbi ning
Farrell Frontier and Hedonic Travel Cost Mdydels for Val uing Estuarine

Quality,” Review of Economics and Statistics vol. 73, no. 4, pp.



694- 699.
Sunmers, J. K., et al. 1987. Assessment of the Relationships Aron
Hydrographic Conditions., WMacropollution Histories, and Fish and

Shellfish Stocks in Mijor Northeastern Estuaries, NOAA Techni cal
Mermor andum NOS OVA 31 (Rockille, M, National Cceanic and Atnospheric

Admi ni stration)

U S. Departnent of Commerce, National Marine Fisheries Service. 1990. Marine

Recreational Fishery Statistics Survey: Atlantic and Gulf Coast
(Washington, DC, Covernnent Printing O fice).
U S. Departnent of Commerce, National Marine Fisheries Service. 1985. Marine

Recreational Fishery Statistics Survey: Paci fic Coast (Washington, DC,

CGovernment Printing Ofice).

U S. Departnent of Interior, Fish and Wldlife Service. 1992. FEisheries of
the United States (Washington, DC,  Government Printing Ofice).

Vaughan, Wlliam J., and Cifford S. Russell. 1982. FEreshwater Recreational

Eishing: The National Benefits of Water Pollution Control (Washington,

DC, Resources for the Future).

Vaughan, WIlliam J., et al. 1985 The Estimation of Recreation-Related Water
Pallution Control Benefits: Swi nming, Boating., and Marine Recreational

Fishing (Washington, DC, Resources for the Future).

Wegge, Thomas C., Richard T. Carson, and W Mchael Hanemann.  1988. “Site

Quality and the Demand for Sportfishing for Different Species in

Alaska,” in David S. Liao, cd., Proceedings of the Synposium Demand and

Supplv of Sportfishing (South Carolina WIldlife and Marine Resources

Departnent).

Wegge, Thomas C., W Mchael Hanemam and Ivar E. Strand, Jr. 1986. An



R-9

Fconami ¢ Assessnent of Marine Recreational Fishing in Southern

California a Report to the National Marine Fisheries Service, Southwest

Regi on.



